LOAN DOCUMENT

PHOTOGRAPH THIS SHEET

&
g LEVEL INVENTORY
g |
g SUTECSIECIFIC TELANICAL RePoRT
S DOCUMENT IDENTIFICATION
3 27 FEB 97 H
DISTRIBUTION STATEMENTA N
Approved for Public Release D
- Distribution Unlimited
. DISTRIBUTION STATEMENT L
e E
e ™ac (» ]
FEmnciTon o
W
BY I
e T
[ DISTRIBUTION AVAILABILITY AND/OR SPECIAL H
DATE ACCESSIONED
p ¢
DISTRIBUTION STAMP A
| R
E

DATE RETURNED

20001226 012

REGISTERED OR CERTIFIED NUMBER

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-FDAC

LOAN DOCUMENT




G T O GE TN &N I A B Gy O B G By BN B Eam A

SITE-SPECIFIC TECHNICAL REPORT
FOR FREE PRODUCT RECOVERY
TESTING AT
OU-2, GEORGE AFB,
CALIFORNIA

DRAFT

PREPARED FOR:

AIR FORCE CENTER FOR ENVIRONMENTAL EXCELLENCE
TECHNOLOGY TRANSFER DIVISION
(AFCEE/ERT)

8001 ARNOLD DRIVE
BROOKS AFB, TEXAS 78235-5357
AND
AFBCA/DD
GEORGE AFB, CA

27 FEBRUARY 1997

AGuip1-03 = 0587




T TR R s A T s s DYIC-0C ' TE3 TET 5244 5,@2/@2

DEFENSE TECHNICAL INFORMATION CENTER
REQUEST FOR SCIENTIFIC AND TECHNICAL REPORTS

e ,4F@,£-E Colleer, on

SR
1. Report Aveilability fPlease cheok une bax) 2. Mumbor of 25. Forwarding Datz
!ﬁ. This report is aveilable. Compiete sections 23 - 27, Copies Forwarded )

3 This report Is not avallable. Comprets section 3. / Z Q’t : /2 12l

-2z, Distribution Statement (Please chock ONE vox)

Dol Dirsctive 5230.24 “Distribuwtion Statements on Technical Documents,” 18 Msr 87, containg sevan dlsmburion statemants. a5
described brisfly below, Technical docurnents MUST be ass:gned 2 dlwlburfon vzatemmr

ﬁ' DiSTRiSUﬂC:N STATEMENT A: Approved for public releasa. Distribution is unlimited.
0O DISTRIBUTION STATEMENT B: Distribution authorized to U.8. Gwemmant Agencies only,

{0 DISTRIBUTION STATEMENT £ Distributlon authosized 1o U3, Govemment Agensies and their
gontratlorns,

O DIBTRIBUTION STATEMENT X: Disly bmérm authorized is ! .r'f-’. | é?‘ﬂ!»s" s private
individuals or snlerprises sligibls to ubiain axport-controlied s Y o '
Directive 8230.28, Waé‘“rzm»mﬂﬁg of Unglassilar Technical Dats

24, Reasanf?w the Above Distribution Statermant (in accordance with Dol Directive 5230.24)

: 2&. Gontroiling Omce 2f. Date of Distribution Statemernt
E&tmﬂnaﬁ@n

HQ@\,(BE | /5 Nov Loon

?3. This report is NOT forwarded for the following reasons. {Plsase check appmpriawbax?

It was previcusly forwarded 1o DTIC on ... (dlals) BT 00 AD DUMBET IS . cocommmasmennene

u
0O Kwilbe published at @ laler date. Enter approximate date if known,
0

In atoordanes with the provisions of Dol D
because: :

My)-03-0557




DRAFT
SITE-SPECIFIC TECHNICAL REPORT (A003)
for
FREE PRODUCT RECOVERY TESTING AT GEORGE AFB, CALIFORNIA
by
A. Leeson, M. Place, and L. Cumming
for
Mr. Patrick Haas
U.S. Air Force Center for Environmental Excellence
Technology Transfer Division '

(AFCEE/ERT)
Brooks AFB, Texas 78235-5357

27 February 1997

Battelle
505 King Avenue
Columbus, Ohio 43201-2693

Contract No. F41624-94-C-8012




This report is a work prepared for the United States Government by
Bartelle. In no event shall either the United States Government or Battelle
have any responsibility or liability for any consequences of any use, misuse,
inability to use, or reliance upon the information contained herein, nor
does either warrant or otherwise represent in any way the accuracy,
adequacy, efficacy, or applicability of the contents hereof.




TABLE OF CONTENTS

LIST OF TABLES . . . . .. e, iii
LISTOF FIGURES . . .. .. e i iii
ACRONYMS AND ABBREVIATIGNS . . .. ... .. . i v
EXECUTIVE SUMMARY . . ... .. s, vi
1.0 INTRODUCTION . . . . e e e e e s s, 1
L1 Objectives . . . . .. i 1

1.2 Testing Approach . . .. ... ... .. .. 2

2.0 SITEDESCRIPTION . .. ... ... s, 2
3.0 BIOSLURPER SHORT-TERM PILOT TESTMETHODS . .................... 6
3.1 Initial LNAPL/Groundwater Measurements and Baildown Testing . . . .. ........ 6

3.2 Well ConstructionDetails . . .. ......................... e 6

3.3 Soil Gas Monitoring Point Installation . ............................. 6

3.4 LNAPL Recovery Testing . . .............. .. 8

34.1 System Setup . . ... ..., 8

342 Skimmer Pump Test . . ... ......... ... 9

3.43 BioslurperPump Test . . . ... ... ... ... 9

3.4.3.1 Monitoring Well MW-32 . .. ... ... .. .. .. ............ 11

3.4.3.2 Monitoring WellMW-5 . .. ... .. ... ... ... ... ... ..... 11

3.4.4 Off-Gas Sampling and Analysis . . ... ........................ 11

3.4.5 Groundwater Sampling and Analysis . . . ... .................... 13

3.5 Bioventing Amalyses . ............ ... ... 13

3.5.1 Soil Gas Permeability Testing . . . ........................... 13

3.5.2 In Situ Respiration Testing . . . .. ........................... 13

3.5.3 Biometric Pumping Analysis . . .. .............. ... ... ... ... 14

4.0 RESULTS .. ... e 15
4.1 BaildownTestResults . ........... ... ... ... . .. . . 0. ... 15

42 LNAPLPump TestResults . .. .......... ... ... ... .. 15

4.2.1 Initial Skimmer Pump TestResults . . . ... ..................... 15

4.2.2 Bioslurper Pump TestResults . . .. .......................... 16

4.2.2.1 Monitoring Well MW-32 . .. ... ..................... 16

4.2.2.2 Monitoring Well MW-5 . .. ... .. ........... e 18

4.2.3 Extracted Groundwater, LNAPL, and Off-Gas Analyses ............. 19

4.4 Bioventing Analyses .. ............ ... ... 23
4.4.1 Soil Gas Permeability and Radius of Influence . .................. 23

4.4.2 In Situ Respiration Test Results . . . . ......................... 23

4.4.2 Biometric Pumping Results . ................... ... ....... 27

ii




5.0 DISCUSSION AND CONCLUSIONS

..................................

6.0 REFERENCES . .. ... ... . . e

APPENDIX A:  SITE-SPECIFIC TEST PLAN FOR BIOSLURPER FIELD ACTIVITIES

AT GEORGE AFB, CALIFORNIA

APPENDIX B: ICE DATA ...

APPENDIX C: SYSTEM CHECKLIST . . . ... ... i

APPENDIX D:  DATA SHEETS FROM THE SHORT-TERM PILOT TEST
APPENDIX E: LABORATORY ANALYTICAL REPORTS
APPENDIX F: SOIL GAS PERMEABILITY TEST RESULTS

APPENDIX G:  IN SITU RESPIRATION TEST RESULTS

Table 1.
Table 2.
Table 3.
Table 4.

Table 5.
Table 6.

Table 7.

Table 8.
Table 9.

Table 10.

Figure 1.
Figure 2.

Figure 3.

Figure 4.
Figure 5.

LIST OF TABLES

Initial Soil Gas Compositions at George AFB, California
Baildown Test Record at MW-32, George AFB, CA . ... ................
Bioslurper Pump Results at Monitoring Well MW-32, George AFB, CA . .. . ...
Oxygen Concentrations During the Bioslurper Pump Test at MW-32, George

AFB, CA . .
Bioslurper Pump Results at Monitoring Well MW-5, George AFB, CA . .......
BTEX and TPH Concentrations in Extracted Groundwater During the Bioslurper
Pump Test at George AFB, CA . ... ... S
BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test at
George AFB, CA . . . . .. ...,
BTEX Concentrations in LNAPL from George AFB, California
C-Range Compounds in LNAPL . .. ..................... .. .. .. ..
In Situ Respiration Test Results at George AFB, California

.................

................

LIST OF FIGURES

Schematic Diagram of the Free Product and Dissolved Contaminant Plumes at
OU-2, George AFB, CA . .. ... ..
Map Showing Locations of Soil Borings and Monitoring Wells at OU-2, George
AFB, CA . .,
Construction Details of Monitoring Well MW-32 and Soil Gas Monitoring Points

at George AFB, CA . . . . .. . .,
Slurper Tube Placement and Valve Position for the Skimmer Pump Test
Slurper Tube Placement for the Bioslurper Pump Test

...................

iii




Figure 6.
Figure 7.

Figure 8.
Figure 9.

Figure 10.

LNAPL Recovery Versus Time at Monitoring Well MW-5, George AFB, CA . ... 20
LNAPL Recovery Rate Versus Time During the Bioslurper Pump Test at

Monitoring Well MW-5 . . . . ... .. ... . 21
Distribution of C-Range Compounds in Extracted LNAPL at Griffis AFB, NY ... 25
Radius of Influence Determination During Bioslurper Testing at Monitoring Well
MW-32, George AFB, CA . . . ... ... . . . . 26

Oxygen Concentrations Versus Time in Monitoring Well MW-32 to Examine
Biometric Pumping

iv




AFB
AFCEE

bgs
BTEX

ft/ft
HC1

LNAPL

POL
ppmv
PVC
scfm
TPH

VOC

ACRONYMS AND ABBREVIATIONS

Air Force Base
U.S. Air Force Center for Environmental Excellence

below ground surface

-benzene, toluene, ethylbenzene, and xylenes

foot per foot

hydrochloric acid
light-nonaqueous-phase liquid
monitoring well

petroleum, oils, and lubricants
part(s) per million by volume
polyviny! chloride

standard cubic foot (feet) per minute

total petroleum hydrocarbon

volatile organic compound




.

EXECUTIVE SUMMARY

This report summarizes the field activities conducted at George Air Force Base (AFB) for a
short-term field pilot test to compare vacuum-enhanced free-product recovery (bioslurping) to
traditional free-product recovery techniques used to remove light, nonaqueous-phase liquid (LNAPL)
from subsurface soils and aquifers. The field testing at George AFB is part of the Bioslurper
Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence
(AFCEE) Technology Transfer Division. The AFCEE Bioslurper initiative is a multisite program
designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from
groundwater and the capillary fringe, and (2) enhancing natural in situ degradation of petroleum
contaminants in the vadose zone via bioventing.

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at George is one of more than 40 similar field tests to be
conducted at various locations throughout the United States and its possessions.

The intent of field testing is to collect data to support determination of the predictability of
LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping
technology for removal of free product and remediation of the contaminated area. The on-site testing
is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the
performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at George AFB were skimmer pumping and bioslurping. Drawdown pumping was not
conducted due to poor recoveries during the skimmer and bioslurper pump tests.

Bioslurper pilot test activities were conducted at two monitoring wells at OU-2: (1) monitoring
well MW-32, and (2) monitoring well MW-5. Site characterization activities were conducted to
evaluate site variables that could affect LNAPL recovery efficiency and to determine the bioventing
potential of the site. Testing included baildown testing to evaluate the mobility of LNAPL, soil gas
permeability testing to determine the radius of influence, and in situ respiration testing to evaluate site

microbial activity. No soil sampling was conducted due to the depth of contamination.
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Following the site characterization activities, the pump tests were conducted. At monitoring
well MW-32, pilot tests for skimmer pumping and bioslurping were conducted. The LNAPL
recovery testing was conducted in the following sequence at monitoring well MW-32: 0.5 hr in the
skimmer configuration and a total of 32 hr in the bioslurper configuration. There was a 12-hr and
periodic 0.5 hr shutdown periods during the bioslurper pump test.

After the drawdown pump test at MW-32, LNAPL recovery testing was conducted at
monitoring well MW-5 for approximately 91 hr in the bioslurper configuration.

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwater extracted were
quantified over time.

The main objective of the field pilot test at OU-2, George AFB was to determine if LNAPL
recdvery is feasible and to select the most effective method of LNAPL recovery. Depths to
groundwater at George AFB typically are 120 to 130 ft bgl. These were the first bioslurper pump
tests conducted at this depth.

A baildown recovery test was conducted at monitoring well MW-32. Baildown recovery tests
provide a qualitative indication of the presence of mobile, free-phase LNAPL and recovery potential.
The initial LNAPL thickness was 1.62 ft and after approximately 24 hours recovered to 0.48 ft.
Overall, the baildown recovery test indicated a relatively slow rate of LNAPL recovery into the well.
Also, short-term baildown recovery resulted in LNAPL thicknesses approximately one-third of the
initial apparent thickness. Pilot testing was initiated on monitoring well MW-32 to determine whether
free product recovery was possible.

Direct pumping tests were conducted at monitoring wells MW-32 and MW-5. Skimmer pump
testing was conducted at monitoring well MW-32 in a continuous extraction mode for 0.5 hr. No
measurable free-phase LNAPL was recovered during this time period, indicating that gravity-driven
recovery is minimal. LNAPL recovery was not possible during the bioslurper pump test, although a
sheen of fuel was observed in the filter box by the end of the study. In an effort to recover fuel, a
number of different configurations were tested, including different diameter of drop tubes, vacuum on -

drop tube, and vapor flowrate. Fuel was not recovered during any of the configurations; however,
significant changes in groundwater extraction were noted. The smaller diameter drop tube resulted in
decreased groundwater extraction. The most significant increase in water extraction was observed at
higher vapor flowrates. Groundwater production rates during bioslurping were significant, indicating

that vacuum enhanced fluid recovery was in effect during the bioslurper test. The on-site water
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treatment equipment, consisting of a filter tank, oil/water separator, and clarification tanks, resulted in
water effluent that is considered compatible with typical sanitary sewer discharge limits.

In an effort to determine if the results at monitoring well MW-32 were representative of site
conditions, bioslurper testing was conducted at monitoring well MW-5. Significant free-phase
LNAPL was recovered during the first three days of biosiurper pumping (9.8, 12, and 11
gallons/day, respectively). By day 4, the free product recovery rate had dropped to 5.6 gallons/day,
resulting in an average rate of 9.7 gallons/day. The well head vacuum on monitoring well MW-5 (18
inches H,0) and groundwater production rate (1,360 gallons/day) were similar to those observed at
monitoring well MW-32. Results at these two monitoring wells appear to be representative of the sit;
and indicate that vacuum-enhanced liquid recovery techniques are feasible. However, given that
monitoring well MW-5 is approximately 0.5 mile from monitoring well MW-32, it is apparent that
little recoverable free product is present in the vicinity of monitoring well MW-32.

Bioslurping also promotes mass removal in the form of in situ biodegradation via bioventing
and soil gas extraction. Vapor phase mass removal is the result of soil gas extraction as well as
volatilization that occurs during the movement of LNAPL free product through the extraction
network. During the bioslurper pump test at monitoring well MW-32, given a flowrate of 3 cfm
from the bioslurper well and average vapor concentrations of 106,000 ppmv TPH and 1,700 ppmv
benzene, emissions rates would have been approximately 190 Ib/day of TPH and 1.5 1b/day of
benzene. These results demonstrate that significant hydrocarbon removal was accomplished during
bioslurping, although little free product was recovered. During the bioslurper pump test at
monitoring well MW-5, given a flowrate of 19.5 cfm from the bioslurper well and average vapor
concentrations of 135,000 ppmv TPH and 4,450 ppmv benzene before ICE treatment, emissions rates
would have been approximately 1,400 Ib/day of TPH and 24 1b/day of benzene. Thus, initially, mass
removal in the vapor phase is significant. However, this short-term test does not provide a good
indication as to whether these rates would be sustained. Higher vapor mass removal rates are more
often sustained at those sites where liquid product recovery is sustained. With the ICE in place, at a
vapor discharge rate of 166 cfm and using an average concentration of 1,300 ppmv TPH and 3 ppmv
benzene, approximately 130 Ib/day of TPH and 0.15 Ib/day of benzene were emitted to the air during
the bioslurping pump test. These results demonstrated the treatment efficiency of the ICE unit, with
91% destruction of TPH and >99% destruction of benzene.

The initial soil gas profiles at the site displayed some areas of oxygen-deficient, carbon

dioxide-rich, high total volatile hydrocarbon vapor conditions. These conditions indicate that natural
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biodegradation of residual petroleum hydrocarbons has occurred, but is limited by oxygen availability.
Soil gas concentrations were measured during the bioslurper test at monitoring points adjacent to
monitoring well MW-32 to determine if the vadose zone was being oxygenated via the bioslurper
action. Results were inconclusive, since oxygen concentrations increased and decreased at monitoring
points. This is likely due to the barometric pumping. The construction of the monitoring wells also
may have influenced the results, because the monitoring wells are screened over very large intervals
(5 to 15 ft), resulting in an averaging of soil gas concentrations across the depth interval. Typically,
soil gas concentrations are collected from a much narrower screened interval (6 inches). Based on the
soil gas permeability test, where a radius of influence of 49 ft was measured, it is likely that areas
within this radius of influence will become fully aerated. In short, a two day extraction time frame at
3 scfm is insufficient to exchange sufficient pore volumes of soil gas to fully oxygenate the zone of
influence. ‘

In situ biodegradation rates of 0.0050 to 0.039 mg/kg-day were measured at three different
locations. Based on the radius of influence of 49 ft and a hydrocarbon-impacted soil thickness of 130
ft, mass removal rates via biodegradation are on the order of 0.19 to 1.5 Ib of hydrocarbon per day.
Thus, mass removal rates via biodegradation are not as significant as the initial vapor phase removal
rates measured during the bioslurper test. These results indicate that bioventing is pfobably not
necessary at this site, but that natural attenuation is sufficient to degrade contaminants in the vadose
zone.

In summary, the on-site testing at OU-2, George AFB, included the direct testing of gravity-
driven and vacuum-driven LNAPL free product recovery techniques, bioventing, and tests relevant to
soil vapor extraction. These field tests have demonstrated that free product removal via vacuum-
enhanced recovery is possible at significantly greater depths than the maximum suction lift. Liquid
phase recovery was sustainable only under vacuum-enhanced conditions. Vapor phase mass removal
rates measured during bioslurper testing may be the result of soil gas removal (i.e. SVE) or
volatilization during liquid entrainment. The generation of off-gas is undesirable and sustained rates
of off-gas discharge cannot be estimated accurately from this test.

Periodic baildown recovery tests are recommended as a useful indicator of LNAPL free
product recovery potential. Based on the conduct of identical pilot tests at over 25 different sites,
there have been several sites where apparent LNAPL product thicknesses are significant (>3 ft).
However, once the LNAPL free product is removed from the well, it may take weeks or months to

return to initial apparent thicknesses. LNAPL free product continues to accumulate in monitoring
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wells, but not at a rate to make free product recovery worthwhile. The periodic baildown recovery
test is the best method to verify whether or not OU-2 is like the sites described above. Periodic hand

bailing may also represent removing LNAPL free product to the extent practicable.




DRAFT SITE-SPECIFIC TECHNICAL REPORT (A003)
for
FREE PRODUCT RECOVERY TESTING AT GEORGE AFB, CALIFORNIA
27 February 1997

1.0 INTRODUCTION

This report describes activities performed and data collected during field tests at George Air
Force Base (AFB), California to compare vacuum-enhanced free-product recovery (bioslurping) to
traditional free-product recovery technologies for removal of light, nonaqueous-phase liquid (LNAPL)
from subsurface soils and aquifers. The field testing at George AFB is part of the Bioslurper
Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence
(AFCEE) Technology Transfer Division. The AFCEE Bioslurper Initiative is a multisite program
designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from
groundwater and the capillary fringe and (2) enhancing natural in situ degradation of petroleum

contaminants in the vadose zone via bioventing.
1.1 Objectives

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at George AFB is one of more than 40 similar field tests
to be conducted at various locations throughout the United States and its possessions. Aspects of the
testing program that apply to all sites are described in the Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). Test provisions specific to activities at George AFB are described in the
Site-Specific Test Plan provided in Appendix A.

The intent of field testing is to collect data to support determination of the predictability of
LNAPL recovery and to evaluate the applicability, cost, and performance of the bioélurping
technology for removal of free product and remediation of the contaminated area. The on-site testing

is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the




performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at George AFB were skimmer pumping and bioslurping. Drawdown pumping was not
conducted due to poor recoveries during the skimmer and bioslurper pump tests. The specific test
objectives, methods, and results for the George AFB test program are discussed in the following

sections.
1.2 Testing Approach

Bioslurper pilot test activities were conducted at two monitoring wells at OU-2: (1) monitoring
well MW-32, and (2) monitoring well MW-5. Site characterization activities were conducted to
evaluate site variables that could affect LNAPL recovery efficiency and to determine the bioventing
potential of the site. Testing included baildown testing to evaluate the mobility of LNAPL, soil gas
permeability testing to determine the radius of influence, and in situ respiration testing to evaluate site
microbial activity. No soil sampling was conducted due to the depth of contamination.

Following the site characterization activities, the pump tests were conducted. At monitoring
well MW-32, pilot tests for skimmer pumping and bioslurping were conducted. The LNAPL
recovery testing was conducted in the following sequence at monitoring well MW-32: 0.5 hr in the
skimmer configuration and a total of 32 hr in the bioslurper configuration. There was a 12-hr and
periodic 0.5 hr shutdown periods during the bioslurper pump test.

After the drawdown pump test at MW-32, LNAPL recovery testing was conducted at
monitoring well MW-5 for 91 hr in the bioslurper configuration.

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwaier extracted were

quantified over time.

2.0 SITE DESCRIPTION

The information presented in this section was obtained from documents entitled Treatability
Study Report, Free Product Recovery System Evaluation, Operable Unit 2, George Air Force Base,

California and addendum work plans to Free Product and Dissolved Contaminant Study, Operable




Unit 2, George Air Force Base prepared by IT Corporation in July 1995 and September 1994,
respectively.

George AFB is located in San Bernardino County in a relatively flat desert vailey in the
southern portion of California and was used as a jet fighter base until its closure in 1992. Victorville
is the nearest city. Operable Unit 2 (OU-2), in the east-central portion of the base, included the
Liquid Fuels Distribution System (LFDS). Main fuel lines ran north from the aboveground tank farm
to the ready reserve underground storage tanks (USTs) at Facility 708. Additional supply lines
connected tanks at Facility 708 to fuel pits, and distribution lines extended from the fuel pits under
the concrete flight line to the fuel ports. The fuel lines, USTs, and fuel pits were removed in 1994, ‘
and the fuel distribution lines under the flight line were drained and grouted.

Contamination at OU-2 consists of JP-4 jet fuel resulting from spills in the LFDS. A free
product plume is found under the flight line and a plume of dissolved BTEX extends north into the
area toward the runway (Figure 1). A separate plume is likely to exist northeast of the main plume as
evidenced by significant levels of free product found in wells MW-32 and EX-5.

Soils at the site consist of three main units. An upper unit extending to approximately 40 to 50
ft below ground surface (bgs) is predominantly sand. The middle unit is located at a depth of 40 to
125 ft bgs and is predominantly clayey-sand. The lower sand unit contains a perche& aquifer and
extends 190 to 200 ft bgs. The base of the aquifer is a 20-ft silty clay lacustrine bed.

Depth to groundwater at the site ranges from approximately 120 to 140 ft bgs and free product
thickness have ranged from 0 to 8 ft. With limited data on the subsurface geology and the lateral
extent of the plume, the free product volume was originally estimated to be 250,000 gallons.

A treatability study was initiated in 1992 that utilized three to four permanent free-product
recovery systems (PPRSs) and two mobile free product recovery systems (MPRSs). PPRSs were
installed in MW-4, EX-1, and EX4 in 1992 and were in place until 1994 when the removal of piping
and storage tanks required the systems to be temporarily removed. PPRSs were reinstalled in EX-1,
EX-4, and MW-4 in 1995. EX-2 was eliminated due to a slow recovery rate. Two MPRSs were
rotated among various wells during the same time period and operated primarily on wells EX-3, MW-
5, MW-18, MW-24, and MW-67. As of 11 April 1995, a total of 12,087 gallons of free product had

been recovered by all units involved in the study. A schematic diagram of all soil boring and

monitoring well locations is shown in Figure 2.
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3.0 BIOSLURPER SHORT-TERM PILOT TEST METHODS

This section documents the initial conditions at the test site and describes the test equipment

and methods used for the short-term pilot test at George AFB.

3.1 Initial LNAPL/Groundwater Measurements and Baildown Testing

Monitoring well MW-32 was evaluated for use in the bioslurper pilot testiﬁg. Initial depths to
LNAPL and to groundwater were measured using an oil/water interface probe (ORS Model
#1068013). LNAPL was removed from the well with a Teflon™ bailer until the LNAPL thickness
could no longer be reduced. The rate of increase in the thickness of the floating LNAPL layer was

monitored using the oil/water interface probe for approximately 8 hr at monitoring well MW-32.
3.2 Well Construction Details

Short-term bioslurper pump tests were conducted at existing monitoring well MW-32 and at
monitoring well MW-5. Monitoring well MW-32 is constructed of 4-inch-diameter, schedule 80
polyvinyl chloride (PVC) with a total depth of 160 ft and 40 ft of 10-slot screen. Construction details
for monitoring well MW-5 were not available. A schematic diagram illustrating general well

construction details for monitoring wells MW-32 is provided in Figure 3.
3.3 Soil Gas Monitoring Point Installation

Soil gas monitoring points were not installed due to the deep depth to contamination. Existing
soil gas monitoring wells MW-94, MW-95, MW-96, and MW-97 were used. The monitoring wells
were constructed with three small diameter wells installed within the same borehole at different depths
bgl. Monitoring well MW-94 consisted of %-inch diameter schedule 40 PVC to depths of 80 and 100
ft bgl with 10 ft of screen in each and 2-inch diameter schedule 40 PVC to a depth of 120 ft with 10
ft of screen. Monitoring wells MW-95, MW-96, and MW-97 consisted of %-inch diameter schedule
40 PVC to depths of 80 and 100 ft bgl with 5 ft of screen in each and 2-inch diameter schedule 40
PVC to a depth of approximately 130 ft with 15 ft of screen. The locations and constructions details

of the monitoring points are illustrated in Figure 3.
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Figure 3. Construction Details of Monitoring Well MW-32 and Soil Gas Monitoring Points at George AFB, CA




After installation of the monitoring points, initial soil gas measurements were taken with a
GasTech portable O,/CO, meter and a GasTech TraceTechtor portable hydrocarbon meter. Oxygen
limitation was observed at many of the monitoring wells, with oxygen concentrations ranging from
0% to 20.5% (Table 1). Approximately one-half of the monitoring wells exhibited oxygen

concentrations below 5%.

Table 1. Initial Soil Gas Compositions at George AFB, California

Monitoring Point Depth (ft) Oxygen (%) | Carbon Dioxide (%) TPH
MwW97 80 0 7.0 NA
100 12 6.5 NA

130 15.1 2.0 NA

MW96 80 0.20 6.1 NA
100 2.6 10.7 NA

130 0.0 20.0 NA

MW95 80 0.0 7.0 NA
100 1.5 3.8 NA

130 20.5 0.05 NA

MWwW94 80 0 10.0 NA
100 14.5 0.7 NA

130 17.0 0.5 NA

NA  Hydrocarbon meter was not operable.

3.4 LNAPL Recovery Testing

3.4.1 System Setup

The bioslurping pilot test system is a trailer-mounted mobile unit. The vacuum pump (Atlantic

Fluidics Model A100, 10-hp liquid ring pump), oil/water separator, and required support equipment
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were carried to the test location on a trailer. The trailer was located near the monitoring well, the
well cap was removed, a well seal was placed on the top of the well, and the slurper tube was
lowered into the well. The slurper tube was attached to the vacuum pump. Different configurations
of the well seal and the placement depth of the slurper tube allow for simulation of skimmer pumping,
operation in the bioslurping configuration, or simulation of drawdown pumping. Extracted
groundwater was treated by passing the recovered fluid through a filter box and an oil/water
separator. Soil vapor was treated by passing it through an internal combustion engine (ICE). Output
data for the ICE is provided in Appendix B.

A brief system startup test was perfonhed prior to LNAPL recovery testing to ensure that all
system components were working properly. The system checklist is provided in Appendix C. All
site data and field testing information were recorded in a field notebook and then transcribed onto

pilot test data sheets provided in Appendix D.
3.4.2 Skimmer Pump Test

Prior to test initiation, depths to LNAPL and groundwater were measured. The slurper tube
was then set at the LNAPL/groundwater interface with the wellhead open to the atmosphere. The
drop tube was held in position by the well seal, and was positioned to leave the wellhead vented to
the atmosphere (Figure 4). The liquid ring pump and oil/water separator were primed with known
amounts of groundwater to ensure that any LNAPL or groundwater entering the system could be
quantified. The flow totalizer for the LNAPL and aqueous effluent were zeroed, and the liquid ring
pump was started on 14 July 1996 to begin the skimmer pump test. The test was operated
continuously for 0.5 hr. The LNAPL and groundwater extraction rates were monitored throughout
the test, as were all other relevant data for the skimmer pump test. Test data sheets are provided in

Appendix D.
3.4.3 Bioslurper Pump Test

Two bioslurper pump tests were conducted: one at monitoring well MW-32 and one at

monitoring well MW-5. Details of the tests are described in the following sections. -
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3.4.3.1 Monitoring Well MW-32

Upon completion of the skimmer pump test, preparations were made to begin the bioslurper
pump test. The slurper tube was set at the LNAPL/groundwater interface. The LNAPL and
groundwater depth were measured prior to any recovery testing. The sanitary well seal was
positioned inside the well, sealing the wellhead and allowing the pump to establish a vacuum in the
well (Figure 5). A pressure gauge was installed at the wellhead to measure the vacuum inside the
extraction well. The liquid ring pump was started on 14 July 1996 to begin the bioslurper pump test.

The test was initiated approximately 3 hr after the skimmer pump test and was operated for a total of

32 hr at a pump pressure ranging from 15 to 24 inches of Hg. The test was shutdown for a period of

12 hr and for several 0.5 hr periods during the testing. The LNAPL and groundwater extraction rates

were monitored throughout the test, as were all other relevant data for the bioslurper pump test. The

data sheets are provided in Appendix D.

3.4.3.2 Monitoring Well MW-5

The liquid ring pump was started on 17 July 1996 to begin the bioslurper puﬁxp test. The test
was initiated approximately 1 hr after termination of the bioslurper pump test at MW-32 and was
operated continuously for 91 hr at a pump pressure of approximately 22 inches of Hg. Two
shutdown periods occurred during testing: the first was due to high water temperature (one-hour
shutdown) and the second was due to running out of fuel (2-hour shutdown). The LNAPL and
groundwater extraction rates were monitored throughout the test, as were all other relevant data for
the bioslurper pump test. Test data sheets are provided in Appendix D.

An LNAPL sample was collected from the extracted fuel from monitoring well MW-5 for

analysis of BTEX and for boiling point fractionation. The sample was sent to Alpha Analytical, Inc.,

in Sparks, Nevada for analysis.
3.4.4 Off-Gas Sampling and Analysis

Six soil gas samples were collected during the bioslurper pump tests. Samples Seal Tank #1
and Seal Tank #2 were collected during the bioslurper pump test at monitoring well MW-32 after

approximately 19 hr of operation. During the bioslurper pump test as monitoring well MW-5,
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samples Seal Tank #3 and Seal Tank #4 were collected following approximately 43 hr of operation,
and samplés ICE-1 and ICE-2 were collected from the ICE off-gas after approximately 43.5 hr of
operation. The samples were collected in Summa™ canisters. The samples were seflt under chain of
custody to Air Toxics, Ltd., in Folsom, California, for analyses of BTEX and TPH, using EPA
Method TO-3. Analytical reports are provided in Appendix E.

3.4.5 Groundwater Sampling and Analysis

Two groundwater samples were collected during the bioslurper pump test at monitoring well »
MW-5 and were labeled GW-1 and GW-2. Each sample was collected after the oil/water separator,
after approximately 53 hr of operation. Samples were collected in 40-mL VOA vials containing
hydrochloric acid (HC1) preservative. Samples were checked to ensure no headspace was present and
were then shipped on ice and sent under chain of custody to Alpha Analytical, Inc., in Sparks,

Nevada for analyses of BTEX and TPH (purgeable). Analytical reports are provided in Appendix E.
3.5 Bioventing Analyses

3.5.1 Soil Gas Permeability Testing

The soil gas permeability test data were collected during the bioslurper pump test at monitoring
well MW-32. Before a vacuum was established in the extraction well, the initial soil gas pressures at
the three installed monitoring points were recorded. The start of the bioslurper pump test created a
steep pressure drop in the extraction well which was the starting point for the soil gas permeability
testing. Soil gas pressures were measured at each of the three monitoring points at all depths to track
the rate of outward propagation of the pressure drop in the extraction well. Soil gas pressure data
were collected frequently during the first 20 minutes of the test. The soil gas pressures were recorded

throughout the bioslurper pump test to determine the bioventing radius of influence. Test data are

provided in Appendix F.
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3.5.2 In Situ Respiration Testing

Air containing approximately 2% helium was injected into three monitoring points for
approximately 24 hr beginning on 19 July 1996. The setup for the in situ respiration test is described
in the Test Plan and Technical Protocol a Field Treatability Test for Bioventing (Hinchee et al.,
1992). A Y%-hp diaphragm pump was used for air and helium injection. Air and helium were
injected through monitoring well MW-95-80’, MW-96-80’, MW-97-80’, and MW-97-100". After the
air/helium injection was terminated, soil gas concentrations of oxygen, carbon dioxide, TPH, and
helium were monitored periodically. The in situ respiration test was terminated on 22 July 1996.
Oxygen utilization and biodegradation rates were calculated as described in Hinchee et al. (1992).
Raw data for these tests are presented in Appendix G.

Helium concentrations were measured during the in situ respiration test to quantify helium
leakage to or from the surface around the monitoring points. Helium loss over time is attributable to
either diffusion through the soil or leakage. A rapid drop in helium concentration usually indicates
leakage. A gradual loss of helium along with a first-order curve generally indicates diffusion. As a
rough estimate, the diffusion of gas molecules is inversely proportional to the square root of the
molecular weight of the gas. Based on molecular weights of 4 for helium and 32 for oxygen, helium
diffuses approximately 2.8 times faster than oxygen, or the diffusion of oxygen is 0.35 times the rate
of helium diffusion. As a general rule, we have found that if helium concentrations at test completion
are at least 50 to 60% of the initial levels, measured oxygen uptake rates are representative. Greater

helium loss indicates a problem, and oxygen utilization rates are not considered representative.
3.5.3 Biometric Pumping Analysis

Due to the deep depth to groundwater at George AFB, it is possible that significant biometric
pumping could be occurring at the site. Biometric pumping occurs when barometric changes cause
significant volumes of air to pass in and out of the subsurface. Monitoring wells may exhibit
"breathing”, which may be taken advantage of to aerate the subsurface soils.

A DataWrite oxygen sensor was installed in monitoring well MW-32 after the bioslurper pump
test in this well. Oxygen concentrations were measured continuously for approximately four days.
The DataWrite oxygen sensors consist of an in situ oxygen probe, signal transfer line, and an

aboveground data logger. DataWrite software was installed to a personal computer to calibrate,
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program, and initiate operation of the sensors. The in situ sensors respond to oxygen concentrations
in the soil gas and generate a millivolt signal reflecting that concentration. The sensor was calibrated
before being installed in the monitoring well by producing a response to the atmospheric oxygen level
of 21%. The calibration factor (sensor voltage divided by 21) was then retained by the sensor’s data
logger. Future oxygen concentrations were calculated by applying that calibration factor to the
millivolt signal from the sensor.

The DataWrite oxygen sensor was programmed through the data logger to generate oxygen
measurements on a temporal basis. The millivolt signal from the sensor was recorded every 30

minutes. The data logger stored these millivolt signals and their resulting oxygen concentrations.

4.0 RESULTS

This section documents the results of the site characterization, the comparative LNAPL

recovery pump test, and other supporting tests conducted at George AFB.
4.1 Baildown Test Resuits

Results from the baildown test are presented in Table 2. A baildown recovery test was
conducted at monitoring well MW-32. Baildown recovery tests provide a qualitative indication of the
presence of mobile, free-phase LNAPL and recovery potential. Overall, the baildown recovery test
indicated a relatively slow rate of LNAPL recovery into the well. Also, the short-term baildown
recovery resulted in an LNAPL thickness approximately one-third of the initial apparent thickness.

Pilot testing was initiated on monitoring well MW-32 to determine the potential for LNAPL recovery.
4.2 LNAPL Pump Test Results

4.2.1 Initial Skimmer Pump Test Results

No significant quantities of LNAPL or groundwater were recovered during this test during 0.5
hr of extraction. These results demonstrate that gravity-driven liquid recovery is not a feasible option

at this monitoring well.
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Table 2. Baildown Test Record at MW-32, George AFB, CA

Sample Collection Time Depth to Depth to LNAPL LNAPL Thickness

{Date-Time) Groundwater (ft) (ft) (ft)

Initial Reading 124.10 122.48 1.62

7/10/96 - 2016

7/11/96 - 1205 123.00 122.93 0.07

7/11/96 - 1209 123.15 122.75 0.40

7/11/96 - 1221 123.20 122.75 0.45

7/11/96 - 1316 123.18 122.74 - 044

7/11/96 - 1413 123.15 122.70 0.45

7/11/96 - 2000 123.15 122.67 0.48

4.2.2 Bioslurper Pump Test Results

4.2.2.1 Monitoring Well MW-32

LNAPL recovery was not possible during the bioslurper pump test, although a sheen of fuel
was observed in the filter box by the end of the study. In an effort to recover fuel, a number of
different configurations were tested, including different diameter of drop tubes, vacuum on drop tube,
and vapor flowrate. Fuel was not recovered during any of the configurations; however, significant
changes in groundwater extraction were noted (Table 3). The smaller diameter drop tube resulted in
decreased groundwater extraction. The most significant increase in water extraction was observed at
higher vapor flowrates.

Soil gas concentrations were measured at monitoring points during the bioslurper pump test at
monitoring well MW-32 to determine whether the vadose zone was being oxygenated via the
bioslurping action. Results were inconclusive, since oxygen concentrations increased and decreased at
monitoring points (Table 4). This is likely due to the barometric pumping observed as described in
Section 4.4.3. The construction of the monitoring wells also may have influenced the results, because
the monitoring wells are screened over very large intervals (5 to 15 ft), resulting in an averaging of

soil gas concentrations across the depth interval. Typically, soil gas concentrations are collected from
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Table 3. Bioslurper Pump Results at Monitoring Well MW-32, George AFB, CA

Pump Drop Tube | Drop Tube | Drop Tube | Soil Gas Recovery Rate (gal/day)
Period (hr) Vacuum Vacuum Depth bgl Diameter Flowrate R
("Hg) ("Hg) (ft) (inches) (scfm) LNAPL" | Groundwater
24.25 21-24 20 125.92 1.25 1.5-3.0 0 860
1.75 22235 | 22-235 127.25 1.25 2.5 0 1,400
1.75 17 -20 17 - 21 125.7 0.5 5 0 180
10 min 225 16.5 125.7 0.5 4.5 0 190
25 min 22 9.75 125.7 0.5 4.0 0 130
0.50 21 20.75 126.6 0.5 1.7 0 190
0.75 20.5 20.5 125.7 1.25 21 0 1,600
0.80 19 13 125.7 1.25 17 0 200

A sheen was observed in the filter box, but was not present in sufficient quantities to
measure. '
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' Table 4.  Oxygen Concentrations During the Bioslurper Pump Test at MW-32, George
' AFB, CA
i
Oxygen Concelitrations (%) Versus Time (hours)
I - Monitoring Point 0 29.5
; MW97-80 0 0

l MW97-100 12 0

l MW97-130 15.1 NA
MW96-80 0.2 -0

' MW96-100 2.6 0.8
MW96-130 0 13.8

l MW95-80 0 0
MW95-100 1.5 5.0

l MW95-130 | 20.5 20.9
MW94-80 0 - 3.0

I MW94-100 14.5 3.0
MW94-130 17.0 15.0

|

l a much narrower screened interval (6 inches). Based on the soil gas permeability test, where a radius

of influence of 49 ft was measured, it is likely that areas within this radius of influence will become
' fully aerated. In short, a two day extraction time frame at 3 scfm is insufficient to exchange

sufficient pore volumes of soil gas to fully oxygenate the zone of influence.

4.2.2.2 Monitoring Well MW-5

In an effort to determine if the results at monitoring well MW-32 were representative of site
conditions, bioslurper testing was conducted at monitoring well MW-5. Significant free-phase
LNAPL was recovered during the first three days of bioslurper pumping (9.8, 12, and 11
gallons/day, respectively) (Table 5). By day 4, the free product recovery rate had dropped to 5.6
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Table 5. Pump Results at Monitoring Well MW-5, George AFB, California

Recovery Rate (gal/day)
Time (day) LNAPL Groundwater!

1 9.8 1,200
2 12 1,100
3 11 1,100

4 5.6 910
Average (gal/day) 9.7/11% 1,360
Total Recovery (gal) 36.9/40.82 5,141

Groundwater production rates do not accurately reflect the quantity of groundwater
recovered. Insufficient quantities of groundwater were produced to sufficiently cool the
motor; therefore, tap water had to be added to cool the motor.

When cleaning OWS and filter tank, four gallons of fuel was acquired.

gallons/day, resulting in an average rate of 9.7 gallons/day. The LNAPL recovery versus time is
shown in Figure 6. The LNAPL recovery rate versus time is shown in Figure 7. The well head
vacuum on monitoring well MW-5 (18 inches H,0) and groundwater production rate (1,360
gallons/day) were similar to those observed at monitoring well MW-32. Results at these two
monitoring wells appear to be representative of the site and indicate that vacuum-enhanced liquid
recovery techniques are feasible. However, given that monitoring well MW-5 is approximately 0.5

mile from monitoring well MW-32, it is apparent that little recoverable free product is present in the

vicinity of monitoring well MW-32.
4.2.3 Extracted Groundwater, LNAPL, and Off-Gas Analyses

Results of groundwater analyses are shown in Table 6. Contaminant concentrations were
similar between the two samples, with average TPH and total BTEX concentrations of 8.8 mg/L and
4.8 mg/L, respectively. The on-site water treatment equipment, consisting of a filter tank, oil/water
separator, and clarification tanks, resulted in water effluent (8.4 to 9.2 mg/L total hydrocarbons) that

is considered compatible with typical sanitary sewer discharge limits.
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Figure 7. LNAPL Recovery Rate Versus Time During the Bioslurper Pump Test at
Monitoring Well MW-5
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Table 6.  BTEX and TPH Concentrations in Extracted Groundwater During the Bioslurper
Pump Test at George AFB, CA

Concentration (mg/L)
Parameter GW-1 GW-2
TPH (Purgeable) 9.2 8.4
Benzene 0.56 0.49
Toluene 1.6 1.4
Ethylbenzene 0.35 0.32
Total Xylenes 2.5 2.3

The results from the off-gas analyses are presented in Table 7. During the bioslurper pump
test ai monitoring well MW-32, given a flowrate of 3 cfm from the bioslurper well and average vapor
concentrations of 106,000 ppmv TPH and 1,700 ppmv benzene, emissions rates would have been
approximately 190 lb/day of TPH and 1.5 Ib/day of benzene. These results demonstrate that
significant hydrocarbon removal was accomplished during bioslurping, although little free product
was recovered.

During the bioslurper pump test at monitoring well MW-5, given a flowrate of 19.5 cfm from
the bioslurper well and average vapor concentrations of 135,000 ppmv TPH and 4,450 ppmv benzene
before ICE treatment, emissions rates would have been approximately 1,400 Ib/day of TPH and 24
Ib/day of benzene. Thus, initially, mass removal in the vapor phase is significant. However, this
short-term test does not provide a good indication as to whether these rates would be sustained.
Higher vapor mass removal rates are more often sustained at those sites where liquid product
recovery is sustained. With the ICE in place, at a vapor discharge rate of 166 cfm and using an
average concentration of 1,300 ppmv TPH and 3 ppmv benzene, approximately 130 Ib/day of TPH
and 0.15 1b/day of benzene were emitted to the air during the bioslurping pump test. These results
demonstrated the treatment efficiency of the ICE unit, with 91% destruction of TPH and >99%

destruction of benzene.
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Table 7. BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test at
George AFB, CA
Concentration (ppmv)
Parameter Seal Tank-1 | Seal Tank-2 | Seal Tank-3 | Seal Tank-4 | ICE-1 | ICE-2
TPH as jet 72,000 140,000 110,000 160,000 2,600 13
fuel
Benzene 1,400 2,000 3,800 5,100 5.8 0.11
Toluene 2,200 3,300 6,000! 3,500 52 0.25"
Ethylbenzene 860 1,400 2,200 3,000 58 0.12
Xylenes 2,200! 3,800! 5,000! 7,200! 190! | 0.31!

I Reported value may be biased due to apparent matrix interferences.

The composition of LNAPL is shown in Tables 8 and 9 in terms of BTEX concentrations and
distribution of C-range compounds, respectively. The distribution of C-range compounds also is

shown graphically in Figure 8.
4.4 Bioventing Analyses
4.4.1 Soil Gas Permeability and Radius of Influence

The radius of influence is calculated by plotting the log of the pressure change at a specific
monitoring point versus the distance from the extraction well. The radius of influence is then defined
as the distance from the extraction well where 0.10 inch of H,O can be measured. A radius of

influence of approximately 49 ft was measured during testing at monitoring well MW-32 (Figure 9).

4.4.2 In Situ Respiration Test Results

Results from the in situ respiration test are presented in Table 10. Oxygen utilization rates

were relatively low, ranging from 0.0050 to 0.039 %O,/hr. Biodegradation rates ranged from 0.087
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Table 8. BTEX Concentrations in LNAPL from George AFB, California

Compound Concentration (mg/kg)
Benzene <193
Toluene 3,800
Ethylbenzene 3,100
Total Xylenes ' 22,000

Table 9. C-Range Compounds in LNAPL

C-Range Compounds Percentage of Total
<C8 17.53
C9 ' 17.18
C10 | 19.32
C11 16.81
C12 13.89
C13 8.75
Ci4 4.32
C15 1.41
>Cl16 0.80
24
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Figure 8. Distribution of C-Range Compounds in Extracted LNAPL at Griffis AFB, NY
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Figure 9.  Radius of Influence Determination During Bioslurper Testing at Monitoring Well
MW-32, George AFB, CA
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Table 10. In Situ Respiration Test Results at George AFB, California

Oxygen Utilization Rate Biodegradation Rate
Monitoring Point (%/hr) (mg/kg-day)
MW97-80 0.023 0.39
MW97-100 0.039 0.64
MW95-80 0.0050 0.087
MW96-80 0.0070 0.11

to 0.64 mg/kg-day. These results indicate that biodegradation in these locations is not significant and

that bioventing may not increase microbial activity beyond what is attainable from natural diffusion of

oxygen.
4.4.2 Biometric Pumping Results

Results from the oxygen measurements taken in monitoring well MW-32 are shown in Figure
10. As shown, oxygen concentrations fluctuation show a definitive trend, with concentrations
fluctuating around a 24-hr period. Ambient levels of oxygen represent time periods when the
monitoring well is "inhaling" ambient air, and periods where oxygen levels decrease represent time
periods when the monitoring well is "exhaling" oxygen-limited soil gas. These results demonstrate
that there is significant biometric pumping occurring at this site. Installation of a valve on monitoring
wells which would allow ambient air to pass into the monitoring wells, but which would not allow

soil gas to escape would provide a degree of aeration to the site.

5.0 DISCUSSION AND CONCLUSIONS

The main objective of the field pilot test at OU-2, George AFB was to determine if LNAPL
recovery is feasible and to select the most effective method of LNAPL recovery. Depths to

groundwater at George AFB typically are 120 to 130 ft bgl. These were the first bioslurper pump
tests conducted at this depth.
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Figure 10. Oxygen Concentrations Versus Time in Monitoring Well MW-32 to Examine
Biometric Pumping
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A baildown recovery test was conducted at monitoring well MW-32. Baildown recovery tests
provide a qualitative indication of the presence of mobile, free-phase LNAPL and recovery potential.
The initial LNAPL thickness was 1.62 ft and after approximately 24 hours recovered to 0.48 ft.
Overall, the baildown recovery test indicated a relatively slow rate of LNAPL recovéry into the well.
Also, short-term baildown recovery resulted in LNAPL thicknesses approximately one-third of the
initial apparent thickness. Pilot testing was initiated on monitoring well MW-32 to determine whether
free product recovery was possible.

Direct pumping tests were conducted at monitoring wells MW-32 and MW-5. Skimmer pump
testing was conducted at monitoring well MW-32 in a continuous extraction mode for 0.5 hr. No
measurable free-phase LNAPL was recovered during this time period, indicating that gravity-driven
recovery is minimal. LNAPL recovery was not possible during the bioslurper pump test, although a
sheen of fuel was observed in the filter box by the end of the study. In an effort to recover fuel, a
number of different configurations were tested, including different diameter of drop tubes, vacuum on
drop tube, and vapor flowrate. Fuel was not recovered during any of the configurations; however,
significant changes in groundwater extraction were noted. The smaller diameter drop tube resulted in
decreased groundwater extraction. The most significant increase in water extraction was observed at
higher vapor flowrates. Groundwater production rates during bioslurping were significant, indicating
that vacuum enhanced fluid recovery was in effect during the bioslurper test. The on-site water
treatment equipment, consisting of a filter tank, oil/water separator, and clarification tanks, resulted in
water effluent that is consideréd compatible with typical sanitary sewer discharge limits.

In an effort to determine if the results at monitoring well MW-32 were representative of site
conditions, bioslurper testing was conducted at monitoring well MW-5. Significant free-phase
LNAPL was recovered during the first three days of bioslurper pumping (9.8, 12, and 11
gallons/day, respectively). By day 4, the free product recovery rate had dropped to 5.6 gallons/day,
resulting in an average rate of 9.7 gallons/day. The well head vacuum on monitoring well MW-5 (18
inches H,0) and groundwater production rate (1,360 gallons/day) were similar to those observed at
monitoring well MW-32. Results at these two monitoring wells appear to be representative of the site
and indicate that vacuum-enhanced liquid recovery techniques are feasible. However, given that
monitoring well MW-5 is approximately 0.5 mile from monitoring well MW-32, it is apparent that
little recoverable free product is present in the vicinity of monitoring well MW-32.

Bioslurping also promotes mass removal in the form of in situ biodegradation via bioventing

and soil gas extraction. Vapor phase mass removal is the result of soil gas extraction as well as
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volatilization that occurs during the movement of LNAPL free product through the extraction
network. During the bioslurper pump test at monitoring well MW-32, given a flowrate of 3 cfm
from the bioslurper well and average vapor concentrations of 106,000 pbmv TPH and 1,700 ppmv
benzene, emissions rates would have been approximately 190 Ib/day of TPH and 1.5 lb/day of
benzene. These results demonstrate that significant hydrocarbon removal was accomplished during
bioslurping, although little free product was recovered. During the bioslurper pump test at
monitoring well MW-5, given a flowrate of 19.5 cfm from the bioslurper well and average vapor
concentrations of 135,000 ppmv TPH and 4,450 ppmv benzene before ICE treatment, emissions rates
would have been approximately 1,400 Ib/day of TPH and 24 1b/day of benzene. Thus, initially, mass
removal in the vapor phase is significant. However, this short-term test does not provide a good
indication as to whether these rates would be sustained. Higher vapor mass removal rates are more
often sustained at those sites where liquid product recovery is sustained. With the ICE in place, at a
vapor discharge rate of 166 cfm and using an average concentration of 1,300 ppmv TPH and 3 ppmv
benzene, approximately 130 Ib/day of TPH and 0.15 Ib/day of benzene were emitted to the air during
the bioslurping pump test. These results demonstrated the treatment efficiency of the ICE unit, with
91% destruction of TPH and >99% destruction of benzene.

The initial soil gas profiles at the site displayed some areas of oxygen-deficient, carbon
dioxide-rich, high total volatile hydrocarbon vapor conditions. These conditions indicate that natural
biodegradation of residual petroleum hydrocarbons has occurred, but is limited by oxygen availability.
Soil gas concentrations were measured during the bioslurper test at monitoring points adjacent to
monitoring well MW-32 to determine if the vadose zone was being oxygenated via the biosturper
action. Results were inconclusive, since oxygen concentrations increased and decreased at monitoring
points. This is likely due to the barometric pumping. The construction of the monitoring wells also
may have influenced the results, because the monitoring wells are screened over very large intervals
(5 to 15 ft), resulting in an averaging of soil gas concentrations across the depth intérval. Typically,
soil gas concentrations are collected from a much narrower screened interval (6 inches). Based on the
soil gas permeability test, where a radius of influence of 49 ft was measured, it is likely that areas
within this radius of influence will become fully aerated. In short, a two day extraction time frame at
3 scfm is insufficient to exchange sufficient pore volumes of soil gas to fully oxygenate the zone of
influence.

In éitu biodegradation rates of 0.0050 to 0.039 mg/kg-day were measured at three different

locations. Based on the radius of influence of 49 ft and a hydrocarbon-impacted soil thickness of 130
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ft, mass removal rates via biodegradation are on the order of 0.19 to 1.5 Ib of hydrocarbon per day.
Thus, mass removal rates via biodegradation are not as significant as the initial vapor phase removal
rates measured during the bioslurper test. These results indicate that bioventing is probably not
necessary at this site, but that natural attenuation is sufficient to degrade contaminants in the vadose
zone.

In summary, the on-site testing at OU-2, George AFB, included the direct testing of gravity-
driven and vacuum-driven LNAPL free product recovery techniques, bioventing, and tests relevant to
soil vapor extraction. These field tests have demonstrated that free product removal via vacuum-
enhanced recovery is possible at significantly greater depths than the maximum suction lift. Liquid
phase recovery was sustainable only under vacuum-enhanced conditions. Vapor phase mass removal
rates measured during bioslurper testing may be the result of soil gas removal (i.e. SVE) or
volatilization during liquid entrainment. The generation of off-gas is undesirable and sustained rates
of off-gas discharge cannot be estimated accurately from this test.

Periodic baildown recovery tests are recommended as a useful indicator of LNAPL free
product recovery potential. Based on the conduct of identical pilot tests at over 25 different sites,
there have been several sites where apparent LNAPL product thicknesses are significant (>3 ft).
However, once the LNAPL free product is removed from the well, it may take weeks or months to
return to initial apparent thicknesses. LNAPL free product continues to accumulate ‘in monitoring
wells, but not at a rate to make free product recovery worthwhile. The periodic baildown recovery
test is the best method to verify whether or not OU-2 is like the sites described above. Periodic hand

bailing may also represent removing LNAPL free product to the extent practicable.
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SITE-SPECIFIC TEST PLAN FOR BIOSLURPER TESTING
AT GEORGE AIR FORCE BASE, CALIFORNIA

DRAFT
to

Air Force Center for Environmental Excellence
Technology Transfer Division
(AFCEE/ERT)

Brooks AFB, Texas 78235-5357

16 February 1996

1.0 INTRODUCTION

The U.S. Air Force Center for Environmental Excellence (AFCEE) Technology Transfer Division is
conducting a nationwide application of an innovative technology for free-product recovery and soil
bioremediation. The technologies tested in the Bioslurper Initiative include vacuum-enhanced free-
product recovery/bioremediation (bioslurping) as well as traditional skimmer and groundwater
depression approaches. The field test and evaluation are intended to demonstrate the feasibility of
free-product recovery by measuring system performance in the field. System performance param-
eters, mainly free-product recovery, will be determined at numerous sites. Field testing will be
performed at many sites to determine the effects of different organic contaminant types and concentra-
tions and different geologic conditions on bioslurping effectiveness.

Plans for the field test activities are presented in two documents. The first is the overall Test Plan
and Technical Protocol for the entire program entitled Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). The overall plan is supplemented by plans specific to each test site.
The concise site-specific plans effectively communicate planned site activities and operational
parameters.

The overall Test Plan and Technical Protocol was developed as a generic plan for the Bioslurper
Initiative to improve the accuracy and efficiency of site-specific Test Plan preparation. The field
program involves installation and operation of the bioslurping system supported by a wide variety of
site characterization, performance monitoring, and chemical analysis activities. The basic methods to
be applied from site to site do not change. Preparation and review of the overall Test Plan and
Technical Protocol allows efficient documentation and review of the basic approach to the test
program. Peer and regulatory review were performed for the overall Test Plan and Technical
Protocol to ensure the credibility of the overall program.

This report is the site-specific Test Plan for application of bioslurping at George Air Force Base
(AFB), California. It was prepared based on site-specific information received by Battelle from
George AFB and other pertinent site-specific information to support the overall Test Plan and
Technical Protocol.




Site-specific information for George AFB has identified subsurface hydrocarbon contamination at the
Operable Unit 2 (OU-2). The contamination consists of JP-4 jet fuel resulting from fuel line spills in
the Liquid Fuels Distribution System. Free product, as light, nonaqueous-phase liquid (LNAPL), has
been detected directly under and adjacent to the flight line. A plume of dissolved benzene, toluene,
ethylbenzene, and xylenes (BTEX) extends north (downgradient) into the area between the flight line
and the runway. A separate plume of free product was detected at EX-5 and MW-32 where
thicknesses greater than 5 ft were measured.

‘The OU-2 at George AFB is unique in that depths to groundwater are in the range of 120 to 140 ft
bgs. Because this depth is greater than maximum suction lift, it will be necessary to create a linear
air velocity in the drop tube such that the flow will entrain small droplets of fuel and water to be
recovered by the three pumping systems.

For best comparison of recovery data, a well should be used that has shown appreciable fuel recovery
in past operations. Likely candidates for the bioslurper demonstration included EX-3, MW-5, MW-
18, MW-24, and MW-67. Two mobile free-product recovery systems (MPRSs) have been rotated
primarily among these wells during the time period since 1992; therefore, recovery and recharge data
already exist for these wells. -

2.0 SITE DESCRIPTION

The information presented in this section was obtained from documents entitled Treatability Study

Report, Free Product Recovery System Evaluation, Operable Unit 2, George Air Force Base,

California and addendum work plans to Free Product and Dissolved Contaminant Study, Operable

Unit 2, George Air Force Base prepared by IT Corporation in July 1995 and September 1994, \, 6\
respectively. e

George AFB is located in San Bernardino County in a relatively flat desert valley in the southern
portion of California and was used as a jet fighter base until its closure in 1992.( Victorville is the
nearest city. OU-2, in the east-central portion of the base, included the Liquid Fuels Distribution
System (LFDS). Main fuel lines ran north from the aboveground tank farm to the ready reserve
underground storage tanks (USTs) at Facility 708. Additional supply lines connected tanks at Facility
708 to fuel pits, and distribution lines extended from the fuel pits under the concrete flight line to the
fuel ports. The fuel lines, USTs, and fuel pits were removed in 1994, and the fuel distribution lines
under the flight line were drained and grouted. '

Contamination at OU-2 consists of JP-4 jet fuel resulting from spills in the LFDS. A free product
plume is found under the flight line and a plume of dissolved BTEX extends north into the area
toward the runway (Figure 1). A separate plume is likely to exist northeast of the main plume as
evidenced by significant levels of free product found in wells MW-32 and EX-5.

Soils at the site consist of three main units. An upper unit extending approximately 40 to 50 ft below
ground surface (bgs) is predominantly sand. The middle unit is located at a depth of 40 to 125 ft bgs
and is predominantly clayey-sand. The lower sand unit contains a perched aquifer and extends 190 to
200 ft bgs. The base of the aquifer is a 20-ft silty clay lacustrine bed.
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Figure 1.

Schematic Diagram of the Free Product and Dissolved Contaminant Plumes at
OU-2, George AFB, California.




Depth to groundwater at the site ranges from approximately 120 to 140 ft bgs, depth to product
ranges from 120 to 127 ft bgs, and product thickness ranges from O to 8 ft. Groundwater depth and
product thickness measurements for individual wells can be found in Appendix A. With limited data
on the subsurface geology and the lateral extent of the plume, the free product volume was originally
estimated to be 250,000 gal. Recharge tests were conducted by pumping wells continuously until they
reached steady-state conditions (approximately 3 days) and then recording depth to product and depth
to groundwater measurements (Table 1).

A treatability study was initiated in 1992 that utilized three to four permanent free-product recovery
systems (PPRSs) and two MPRSs. PPRSs were installed in MW-4, EX-1, EX-2, and EX4 in 1992
and were in place until 1994 when the removal of piping and storage tanks required the systems to be
temporarily removed. PPRSs were reinstalled in EX-1, EX-4, and MW-4 in 1995. EX-2 was
eliminated due to a slow recovery rate. The remaining PPRS is to be installed in EX-5, which is a
well located in the isolated area of LNAPL northeast of the main plume. Two MPRSs were rotated
among various wells during the same time period and operated primarily on wells EX-3, MW-5,
MW-18, MW-24, and MW-67. As of April 11, 1995, a total of 12,087 gal of free product had been
recovered by all units involved in the study. Rates of free product recovery and total gallons
produced at individual wells can be found in Table 2. Recovery rates are based on actual run times
consisting of 5- to 30-minute cycles at frequencies of 12 to 48 cycles per day.

Additional wells containing significant amounts of free product were MW-2, MW-7, MW-8, MW-10,
and MW-11; however, they were eliminated from the study because the 2-inch-diameter well casings

were incompatible with the recovery systems being used. A schematic diagram of all soil boring and
monitoring well locations is shown in Figure 2.

Total petroleum hydrocarbon (TPH) and BTEX concentrations in soil and soil gas are not available at
this time.

3.0 PROJECT ACTIVITIES

The field activities discussed in the following sections are planned for the biosiurper pilot test at
George AFB. Additional details about the activities are presented in the overall Test Plan and Tech-
nical Protocol (Battelle, 1995). As appropriate, specific sections in the overall Test Plan and
Technical Protocol are referenced. Table 3 presents the schedule of activities for the Bioslurper
Initiative at George AFB.

3.1 Design Considerations

Bioslurping technology has generally been applied to sites where depth to groundwater is less than 30
ft bgs. At these shallow groundwater sites, the primary mechanism for fluid extraction is air- lift
pumping. Because the wells being considered for the bioslurper pilot test at George AFB have
LNAPL and groundwater depths of approximately 120 to 140 ft, it will be necessary to achieve an air
lift in the well sufficient to recover the floating LNAPL from this depth. As stated previously, the air
entrainment pumping method must be used, because of the impossibility of supporting a solid column
of water more than approximately 30 ft by vacuum lift.
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Table 2. Free-Product Recovery Rates and Total Production at Individual Wells

Type of Rate of
Recovery Total Gallons Recovery
Well System Produced (gal/hr)
EX-1 Permanent 694.7 NA
EX-2 Permanent 550.8 NA
EX-3 Mobile 2,221.4 4.05
EX-4 Permanent 469.0 NA
EX-5 Permanent ' 151.0 NA
MW-4 Permanent 4,2243 NA
MW-5 Mobile 1,002.1 2.65
MW-18 Mobile 1,933.7 3.34
MW-24 Mobile 554.7 2.02
MW-32 Mobile 148.7 NA
MW-67 Mobile 46.8 2.15

Table 3. Schedule of Bioslurper Pilot Test Activities

Pilot Test Activity Schedule

Mobilization Days 1-2

Site Characterization Days 2-3
LNAPL/Groundwater Interface Monitoring and Baildown

Tests
Monitoring Point Installation (3 monitoring points)
Soil Sampling (BTEX, TPH, physical characteristics)

System Installation Days 2-3

Test Startup Day 3
Skimmer Pump Test (2 days) Days 3-4
Bioslurper Pump Test (4 days) Days 6-9
Soil Gas Permeability Testing Day 6
Skimmer Pump Test (continued) Day 10
In Situ Respiration Test — Air/Helium Injection Day 10
In Situ Respiration Test — Monitoring Days 11-16
Drawdown Pump Test (2 days) Days 11-12

Demobilization/Mobilization Days 13-14




The air entrainment pumping method will lift water or LNAPL by aerodynamic drag. The airflow
will entrain the water and LNAPL in an airstream, which will carry them to the ground surface and
into the bioslurper separation unit. The principal advantages of the air entrainment method of
pumping are that water and floating LNAPL can be secured from a deep well, prov1d1ng the
conditions at the site are suitable for its use.

A trailer-mounted 10-hp liquid ring pump manufactured by Atlantic Fluidics, Inc. will be used to
maintain the air lift during the bioslurper pilot test operation. Based on previous bioslurper pilot
tests, an airflow rate of approximately 50 ft*/min has been extracted under such conditions. In
addition, the vacuum created by a 10-hp pump is approximately 26 inches of mercury. Assuming a
groundwater depth of 135 ft coupled with a 1-in-diameter, schedule 40 polyvinyl chloride (PVC) drop
tube, the maximum linear air velocity that can be achieved is 140 ft/sec.

However, because it is necessary to minimize the rate at which the bioslurper test equipment releases

" vapor to the atmosphere, a linear air velocity of 50 ft/sec will be used to initiate the air lift. This air

velocity. will result in minimizing the rate of vapor discharge, but will also maintain the velocity
required to initiate free-product recovery. Under these conditions, the calculated pressure drop in the
extraction tube will be 2.7 in Hg, which is a change of approximately 9% from atmospheric pressure.
Because the pressure drop in the extraction tube has been calculated to be negligible, the air lift
created by the 10-hp liquid ring pump should entrain liquid droplets of approximately 8 mm in size at
the stated air velocity rate of 50 ft/sec.

The correlation between upward flow and pressure drop in a tube presented above was used to
calculate the necessary air lift required to entrain liquid droplets or induce the sheeting or wave flow
up the tube. This correlation applies with reasonable accuracy to the experimental data on which it is
based. However, it can be limited in some forms of application to the proposed field testing. Due to
the nature and permeability of the site soils and groundwater hydraulics, the linear air velocity might
be reduced below the necessary rate to achieve the air lift. If this occurs, a smaller diameter drop
tube could be utilized, or the rate of air flow could be raised to greater than 50 ft/sec to increase the
air lift in the extraction tube. No correlation between upward flow and pressure drop in a tube will
apply to all of the experimental conditions found in the field; therefore, it may be necessary to modify
the bioslurper system components to achieve and maintain the required air lift to initiate free product
recovery.

Droplet entrainment is considered the primary mechanism for fluid recovery when bioslurping at
depths greater than 30 ft bgs; however, field observations at previous bioslurper sites indicate that
there may be another important mechanism for fluid extraction from deep wells. Observation of fluid
movement in the clear portion of the vertical drop tube demonstrates that much of the extracted water
is being pushed up the inside walls of the tube in sheets or waves. Anecdotal evidence indicates that
this phenomenon can be accomplished at lower velocities than required for droplet entrainment. As
part of the George AFB bioslurper study, an attempt to quantify the velocity requirements to induce
"sheeting" or "wave" flow will be made during the skimming portion of the test.




3.2 Mobilization to the Site

After the site-specific Test Plan has been approved, Battelle staff will mobilize equipment to the site.-
Some of the equipment will be shipped via air express to George AFB prior to staff arrival. The
Base Point-of-Contact (POC) will have been asked in advance to find a suitable holding facility to
receive the bioslurper pilot test equipment so that it will be easily accessible to the Battelle staff when
they arrive with the remainder of the equipment. The exact mobilization date will be confirmed with
the Base POC as far in advance of fieldwork as is possible. The Battelle POC will provide the Base
POC with information on each Battelle employee who will be on site. Battelle personnel will be
mobilized to the site after confirmation that the shipped equipment has been received by George AFB.

In addition, Battelle requests that the free-product recovery systems already in place at OU-2 as part
of the treatability study will be turned off 1 week prior to the initiation of fieldwork. This will be
important in assuring quality data from the bioslurper pilot test.

3.3 Site Characterization Tests
3.3.1 Baildown Tests
The baildown test is the primary test for selection of the bioslurper test well. Baildown tests are also
useful for the evaluation of actual versus apparent free-product thicknesses. Baildown tests will be
performed at wells that contain measurable thicknesses of LNAPL to estimate the LNAPL recovery
potential at those particular wells. In most cases, the well exhibiting the highest rate of LNAPL
recovery will be selected for the bioslurper extraction well. A sample of free LNAPL will
be collected at this point for analyses of boiling point distribution and BTEX concentration. Detailed
procedures for the baildown tests are provided in Section 5.6 of the overall Test Plan and Technical
Protocol (Battelle, 1995).
3.3.2 Soil Gas Survey (Limited)
A soil gas survey will not be conducted at this site due to the significant depth to groundwater.
3.3.3 Monitoring Point Installation
Existing monitoring points or wells will be used to perform subsurface monitoring.

3.3.4 Soil Sampling

Soil sampling will not be conducted at this site due to the significant depth to groundwater.
3.4 Bioslurper System Installation and Operation

Once the well to be used for the bioslurper test installation at George AFB has been identified, the
bioslurper pump and support equipment will be installed and pilot testing will be initiated.
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3.4.1 System Setup

After the preliminary site characterization has been completed and the bioslurper candidate well has
been selected, the shipped equipment will be mobilized from the holding facility to the test site, and
the bioslurper system will be assembled. Figure 3 shows a flow diagram of the bioslurper process.
Figure 4 illustrates a typical bioslurper well that will be used at George AFB.

Before the LNAPL recovery tests are initiated, all relevant baseline field data will be collected and
recorded. These data will include soil gas concentrations, initial soil gas pressures, the depth to
groundwater, and the LNAPL thickness. Ambient soil and all atmospheric conditions {e.g., tempera-
ture, barometric pressure) also will be recorded. All emergency equipment (i.e., emergency shutoff
switches and fire extinguishers) will be installed and checked for proper operation at this time.

A clear, level, 20-ft by 10-ft area near the well selected for the bioslurper test installation will be
identified to station the equipment required for bioslurper system operation. Additional information
on bioslurper system installation is provided in Section 6.0 of the overall Test Plan and Technical
Protocol (Battelle, 1995).

3.4.2 System Shakedown

A brief startup test will be conducted to ensure that the system is constructed properly and operates
safely. All system components will be checked for problems and/or malfunctions. A checklist will
be provided to document the system shakedown.

3.4.3 Systeml Startup and Test Operétions

After installation is complete and the biosturper system is confirmed to be operating properly, the
LNAPL recovery tests will be started. The Bioslurper Initiative has been designed to evaluate the
effectiveness of bioslurping as an LNAPL recovery test technology relative to conventional gravity-
driven LNAPL recovery technologies. The Bioslurper Initiative includes three separate LNAPL
recovery tests: (1) a skimmer pump test, (2) a bioslurper pump test, and (3) a drawdown pump test.
The three recovery tests are described in detail in Section 7.3 of the overall Test Plan and Technical
Protocol (Battelle, 1995). ‘

The bioslurper system operating parameters that will be measured during operation are vapor
discharge, aqueous effluent, LNAPL recovery volume rates, vapor discharge volume rates, and
groundwater discharge volume rates. Vapor monitoring will consist of periodic monitoring of TPH
using hand-held instruments supplemented by two samples collected for detailed laboratory analysis.
Two samples of aqueous effluent will be collected for analysis of BTEX and TPH. Recovered
LNAPL volume will be recorded using an in-line flow-totalizing meter. The off-gas discharge
volume will be measured using a calibrated pitot tube, and the groundwater discharge volume will be
recorded using an in-line flow-totalizing meter. Section 8.0 of the overall Test Plan and Technical
Protocol describes process monitoring of the bioslurper system (Battelle, 1995).

3.4.4 Soil Gas Profile/Oxygen Radius of Influence Test
Changes in soil gas profiles will be measured before and during the bioslurper pump test. Soil gas

will be monitored for concentrations of oxygen, carbon dioxide, and TPH using field instruments.
These measurements will be used to determine the oxygen radius of influence of the bioslurper.
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Figure 3. Bioslurper Process Flow at OU-2, George AFB, California.
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3.4.5 Soil Gas Permeability Tests

A soil gas permeability test will be conducted concurrently with startup of the bioslurper pump test.
Soil gas permeability data will support the process of estimating the vadose zone radius of influence
of the bioslurper system. Soil gas permeability results also will aid in determining the number of
wells required if it is decided to treat the site with a full-scale bioslurper system. The soil gas
permeability test method is described in Section 5.7 of the overall Test Plan and Technical Protocol
(Battelle, 1995).

3.4.6 LNAPL and Groundwater Level Monitoring

" During the bioslurper pump test, the LNAPL and groundwater levels will be monitored in a well

adjacent to the extraction well if such a well exists. The top of the monitoring well will be sealed
from the atmosphere to contain the subsurface vacuum. Additional information for the monitoring of
fluid levels is provided in Section 4.3.4 of the overall Test Plan and Technical Protocol (Battelle,
1995).

3.4.7 In Situ Respiration Test

An in situ respiration test will be conducted after completion of the bioslurper pilot tests. The in situ
respiration test will involve injection of air and helium into selected soil gas monitoring points
followed by monitoring changes in concentrations of oxygen, carbon dioxide, TPH, and helium in soil
gas at the injection point. Measurement of the soil gas composition typically will be conducted at 2,
4, 6, and 8 hours and then every 4 to 12 hours for about 2 days. The timing of the tests will be
adjusted based on the oxygen-use rate. If oxygen depletion occurs rapidly, more frequent monitoring
will be required. If oxygen depletion is slow, less frequent readings will be acceptable. The oxygen
utilization rate will be used to estimate the biodegradation rate at the site. Further information on the
procedures and data collection of the in situ respiration test is provided in Section 5.8 of the overall
Test Plan and Technical Protocol (Battelle, 1995).

3.4.8 Extended Testing

The Air Force has the option of extending the operation of the bioslurper system for up to 6 months
at George AFB, if LNAPL recovery rates are promising. If extended testing is to be performed,
additional site support will be required. The Air Force will need to provide electrical power for long-
term operation of the bioslurper pump. Disposition of all generated wastes and routine operation and
maintenance of the system will be the Air Force’s responsibility. Battelle will provide technical
support during the extended testing operation.

If the extended testing option is exercised, Battelle is scoped to remain on site an additional 2 days
after the short-term pilot test is completed. The additional time on site will allow for connection of
the bioslurper system to Air Force-supplied power. Battelle will provide the base with a detailed
operation manual for the bioslurper system and will provide operations training to Air Force
personnel. The Base POC will be given a project record book to record system data. The POC will
be given a Battelle contact and an alternative contact for technical assistance and will be contacted
weekly for updates on system operation. At the end of the extended testing option (up to 6 months of
operation) Battelle will return to the site to remove all bioslurper equipment. All waste generated
during the operation of the bioslurper system will be the responsibility of the Air Force.
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3.5 Demobilization

Once all necessary tests have been completed at the George AFB site, the equipment will be
disassembled by Battelle staff. The equipment then will be moved back to the holding facility, where
it will remain until its next destination is determined. Battelle staff will receive this information and
will be responsible for shipment of the equipment to the next site before they leave George AFB.

4.0 BIOSLURPER SYSTEM DISCHARGE

4.1 Vapor Discharge Disposition

Battelle expects that the operation of the bioslurper test system at George AFB will require a waiver
or a point source air release registration and may require some additional permits. The Air Force has
informed Battelle that the TPH and benzene vapor discharge limit for the bioslurper pilot test will be
25 Ib/day. This limit may be difficult to achieve given the velocity of air flow needed for free
product recovery. The data for benzene and TPH discharge levels for six previous bioslurper sites
are presented in Table 4. The discharge value may vary depending on concentrations in soil gas and
the permeability of the soil. '

Table 4. Benzene and TPH Vapor Discharge Levels at Previous Bioslurper Test Sites

Extraction Benzene TPH
Rate Benzene TPH Discharge | Discharge
Site Location Fuel Type (scfm) (ppmv) (ppmv) (Ib/day) (Ib/day)
Andrews AFB No. 2 Fuel Oil 8.0 16 2,000 0.0010 0.20
Site 1, Bolling AFB No. 2 Fuel Oil 4.0 0.20 153 0.00030 0.0090
Site 2, Bolling AFB Gasoline 21 370 70,000 23 470
Johnston Atoll Jet Fuel 10 0.60 975 0.0017 5.7
Travis AFB Jet Fuel 20 100 10,800 0.58 130
Wright-Patterson AFB Jet Fuel 3.0 ND 595 0 1.0

ND, = Not detected.

To ensure the safety and regulatory compliance of the bioslurper system, field soil gas screening
instruments will be used to monitor vapor discharge concentration. The volume of vapor discharge
will be monitored daily using air flow instruments. If the field screening instruments show that the
vapor discharge limit of 25 Ib/day will be exceeded, an air release registration and/or vapor treatment
may be required. If vapor treatment is required, alternative plans will be developed for short-term
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and long-term testing. Table 5 presents information typically required to complete an air release
registration form. '

Table 5. Air Release Summary Information

Data Item Air Release Information
Contractor Point-of-Contact Jeff Kittel, (614) 424-6122
Contractor address Battelle, 505 King Avenue,

Columbus, OH 43201

Estimated total quantity of petroleum product to be recovered| To be determined

Description of petroleum product to be recovered JP-4 jet fuel
Planned date of test start : To be determined
Test duration ) 9-10 days (active pumping)
|| Maximum expected volatile organic compound level in air | ~25 lb/déy TPH and benzene
Stack height above ground level ' 10 ft '

4.2 Aqueous Influent/Effluent Disposition

The flowrate of groundwater pumped by the bioslurper will be less than 5 gpm. However, it may be
necessary in California to obtain a groundwater pumping waiver or registration permit. If one is
required, the Base POC will inform Battelle of the necessary steps in obtaining the waiver or permit.
The intention of Battelle staff will be to dispose of the wastewater by discharge directly to the Base
wastewater treatment facility.

4.3 Free-Product Recovery Disposition

The bioslurper system will recover free-phase product from the pilot tests performed at George AFB.
Recovered free product will be turned over to the Base for disposal and/or recycling. The volume of
free product recovered from the Base will not be known until the tests have been performed. The
maximum recovery rate for this system is 5 gpm, but the actual rate of LNAPL recovery likely will
be much lower.
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5.0 SCHEDULE

The schedule for the bioslurper fieldwork at George AFB will depend on approval of this Site-
Specific Test Plan. Battelle will determine a definitive schedule as soon as possible after approval is
received. Battelle will have two to three staff members on site for approximately 2 weeks to conduct
all necessary pilot testing. At the conclusion of the field testing at George AFB, all staff will return
their Base passes. Battelle staff will remove all bioslurper field testing equipment from the Base
before they leave the site.

6.0 PROJECT SUPPORT ROLES

This section outlines some of the major functions of personnel from Battelle, George AFB, and
AFCEE during the bioslurper field test.

6.1 Battelle Activities

The obligations of Battelle in the Bioslurper Initiative at George AFB will be to supply all staff and

-equipment necessary to perform all the tests on the bioslurper system. Battelle also will provide

technical support in the areas of water and vapor discharge permitting, digging permits, staff support
during the extended testing period, and any other technical areas that need to be addressed.

6.2 George AFB Support Activities

To support the necessary field tests at George AFB, the Base must be able to provide the following:

a.  Any digging permits and utility clearances that need to be obtained prior to the
initiation of the fieldwork. Any underground utilities should be clearly marked to
reduce the chance of utility damage and/or personal injury during soil gas probe and
possible well installation. Battelle will not begin field operations without these
clearances and permits.

b. The Air Force will be responsible for obtaining Base and site clearance for the
Battelle staff that will be working at the Base. The Base POC will be furnished with
all necessary information on each staff member at least 1 week prior to field startup.

c. Access to the local sanitary sewer must be furnished so that Battelle staff can
discharge the bioslurper aqueous effluent directly to the Base treatment facility.

d. Regulatory approval, if required, must be obtained by the Base POC prior to startup

of the bioslurper pilot test. As stated previously, it is likely that a waiver or permit to
allow air releases or a point source air release registration will be required for
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emissions of approximately 25 Ib/day of TPH and benzene without treatment. A

waiver for pumping and discharging groundwater at a rate of 5 gpm may be required.
The Base POC will obtain all necessary Base permits prior to mobilization to the site.
Battelle will provide technical assistance in preparing regulatory approval documents.

€. The Base also will be responsible for the disposition of all waste generated from the
pilot testing. Such waste includes any soil cuttings generated from drilling, and all
aqueous wastestreams produced from the bioslurper tests. All free product recovered
from the bioslurper operation will be disposed of or recycled by the Base. Battelle
will provide technical assistance in disposing of the waste generated from the
bioslurper pilot test.

f. Before field activities begin, the Health and Safety Plan will be finalized with
information provided by the Base POC. Table 6 is a checklist for the information
required to complete the Health and Safety Plan and is based on information obtained
in 1994. All emergency information will be obtained by the Site Health and Safety

~ Office before operations begin. '

6.3 AFCEE Activities

The AFCEE POC will act as a liaison between Battelle and George AFB staff. The AFCEE POC
will ensure that all necessary permits are obtained and that the space required to house the bioslurper
field equipment is found.

The following list providés the Battelle, AFCEE, and George AFB staff who can be contacted in case
of emergency and/or for required technical support during the Bioslurper Initiative tests at George
AFB.

Battelle POCs Jeff Kittel (614) 424-6122
Eric Drescher . (614) 424-3088
AFCEE POC Patrick Haas (210) 536-4314

George AFB POC

Regulatory POCs
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Table 6. Health and Safety Information Checklist

Emergency Contacts

Hospital

Fire Department

Base Fire Station

Ambulance and Paramedics

Police Department (County Sheriff)

EPA Emergency Response Team
Program Contacts

Air Force

“Battelle

George AFB wes

Hospital

Name Telephone Number
Victor Valley Community
Hosp. (619) 245-8691
Victorville Fire Dept. 911/(619) 955-5227

(619) 246-6479~

Emergency Switchboard 911/(619) 245-9342 .
Emergency Switchboard 911/(619) 245-4211
Switchboard (800) 424-8802
Patrick Haas (210) 536-4314
Jeff Kittel (614) 424-6122 -
Eric Drescher (614) 424-3088

Bod Semmer= 7 (619) zyp- 5360

s Ly 26-335

Harod REE)D

Other
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APPENDIX A

GROUNDWATER DEPTH AND FREE-PRODUCT THICKNESS AT OU-2,
GEORGE AFB, CALIFORNIA




TABLE 1-1
l Groundwater Depth and Product Thickness
George AFB, California
Project No. 403860
' (Sheet 1 of 2)
Monitor | Casing Elev. | Surfaca Elav. | Water Elev. | Water Depth | JP-4 Elavation Product Thickness Data
Well {ft msi) {ft msi) {ft msi) {feat) {faet) (faet) Maasurad
l PMW-1 2876.01 2876.42 2807.75 68.26 67.93 0.33 3/22/95
MW-1 2875.64 2876.24 2747.92 127.72 - - 3/9/95
o | Mw-2 2877.31 2877.69 2747.18 130.13 128.34 1.79 . 3/9/95
l MW-3 2874.1 2874.39 2746.51 127.59 127.14 0.45 3/9/95
MW-4 2874.86 2875.03 2745.51 129.35 126.92 2.43 3/22/95
MW-5 2875.04 2875.44 2743.3 131.74 127.02 4,72 3/22/95
. MW-6 2874.19 2874.43 2746.6 127.59 - - 3/9/95
MW-7 2874.76 2874.96 2745.67 129.09 126.14 2.95 '3/9/95
MW-8 2875.33 2875.43 2746.09 129.24 127.18 2.06 3/9/95
MW-3 2873.6 2873.89 2745.82 127.78 126.82 0.96 3/9/95
l MW-10 2871.45 2871.7 2743.19 128.26 125.08 3.18 3/9/95-
MW-11 2872.46 2872.71 2744.58 127.88 126.52 1.36 3/9/95
MW-12 2871.04 2871.35 2745.3 125.74 125.73 0.01 3/9/95
. MW-13 2877.02 2877.39 2748.37 128.65 - - 2/18/95
MW-14 2873.68 2874.05 2748.04 125.64 - - 2/18/95
MW-15 2878.57 2879.12 2748.27 130.30 - - 2/18/95
MW-16 2874.02 2874.42 2747.53 126.49 - - 2/18/95
l MW-17 2870.73 2871.04 2744.07 126.66 - - 3/2/95
MW-18 2872.43 2872.73 2745.66 126.77 125.26 1.51 3/22/95
MW-13 2875.88 2876.24 2746.82 128.06 - - 3/6/95
MW-20 2873.95 2874.52 2746.06 127.83 127.06 0.83 3/9/95
' MW-21 2867.94 2868.05 2744.8 123.14 - - 3/2/35
MW-22 2873.90 2874.24 2745.74 128.16 . - 3/6/95
MW-23 2870.26 2870.52 2745.23 125.03 125.02 0.01 3/9/95
Mw-24 2868.12 2868.46 2740.68 127.44 122.23 5.21 3/9/95
MW-25 2870.85 2871.17 2744.94 125.91 125.42 0.49 3/9/95
MW-26 2864.63 2865.02 2743.49 121.14 - - - 3/2/85
MW-27 2868.69 2863.05 2745.07 123.62 - - 3/2/95
' MW-28 2861.60 2862.34 2740.52 121.08 R - 3/2/35
MW-29 2864.70 2865.09 2741.95 122.75 - - 3/2/95
MW-30 2867.75 2868.11 2743.13 124.62 . - . 3/6/95
MW-31 2861.90 2862.12 2739.68 122.22 - - 3/2/95
' MW-32 2863.84 2864.56 2737.64 126.20 120.94 5.26 3/2/95
MW-33 2859.27 2859.82 2739.03 120.24 - - 3/2/85
MW-34 2864.97 2865.50 2741.39 .123.58 - - 3/6/95
MW-35 2856.90 2856.99 2737.81 119.08 - - 3/2/385
l MW-36 2861.17 2861.49 2738.78 122.39 - - 3/2/95
I MW-38| 2878.46 2878.86 2749.17 129.29 - - 3/2/35
MW-33 2873.88 2873.78 2748.75 125.13 - - 3/2/85
MW-40 2863.06 2868.97 2747.12 121.94 - - 3/2/95
MW-41 2880.41 2880.70 2748.89 131.52 - - 3/7/95
MW-42 2873.34 2873.54 2745.54 127.80 - - 3/6/35
MW-43 2877.15 2877.34 2747.3 129.85 - - 3/6/95
l MW-44 2878.67 2878.66 2747.37 131.30 - - 3/6/95
MW-45 2862.28 2862.49 2740.93 121.35 - - 3/2/95
MW-46 2858.48 2858.76 2738.46 120.02 - - 3/2/95
MW-47 2859.42 2859.73 2739.04 120.38 - - 3/2/85
l Mw48| 2881.98 2882.30 2748.84 133.14 - - 3/2/85
Mw4g| 2882.37 2882.62 2748.53 133.84 - - 3/2/35
MW-50 2866.44 2867.26 2737.66 128.78 120.39 8.39 3/2/35
Bl MW-51| 2865.02 2865.94 2743.2 121.82 - - 3/2/95
. MW-52 2882.49 2882.84 2739.79 142.70 - - 3/2/85
l HAGAFIO9 338 \w scr-etv Xin




i
TABLE 1-1
Groundwater Depth and Product Thickness
l George AFB, California
Project Na. 409860
' (Sheet 2 of 2)

Monitor | Casing Elev. | Surfacs Bev. | Water Elav. | Watar Depth JP4 Havation Product Thickness Dats
Wail (ft msi) (ft msi) (ft msi) {faat) {feet) (feat) Mezasurad
MW-53 2882.80 2882.89 2742.74 140.08 - - 3/2/95
MW-54 2861.68 2862.03 2738.14 123.54 - - 3/2/95
MW-55 2862.22 2862.41 2740.9 121.32 - - : 3/2/85 .
MW-56 2874.67 2874.96 2743.09 125.58 - - 3/2/95
MW-57 2870.58 2870.53 2743.8 126.78 - - 3/2/95 -
MW-58 2867.84 2868.14 2742.42 125.42 - - 3/6/95
MW-59 2881.55 2881.96 - 2747.48 134.07 - - 3/2/95
MW-60 2881.18 2881.30 2747.78 133.40 - - 3/2/95
MW-61 2883.80 2884.23 2748.687 135.13 - - 3/2/95
MW-62 2870.61 2871.19 2748.31 122.30 - - 3/2/95
MW-63 2858.51 285%9.890 2741.19 118.32 - - 3/2/95
MW-64 2856.48 2857.23 2738.186 118.32 - - 3/2/95
MW-65 2868.22 2869.41 2743.71 125.51 125.49 0.02 3/9/95
MW-87 2864.39 n/a 2741.52 122.87 121.87 1.30 3/2/95
MW-69 2864.74 2863.29 2741.89 122.85 - - 377/95
MW-70 2862.61 2864.99 2741.11 121.50 - - 3/2/95
MW-71 2863.69 2863.09 2741.55 122.14 - - 3/5/35
MW-72 2881.43 2863.93 2748.43 133.00 - - 3/7/95%
MW-73 2881.31 2882.21 2747.96 133.35 - - 3/7/95
MW-74 2881.28 2882.19 2748.28 133.00 - - 3/7/35
MW-75 2880.88 2881.60 2745.8 135.08 - - 377196~
EX-1 2874.30 2875.51 2744 .86 130.04 - 126.64 3.40 2/13/958
EX-2 2875.87 2876.64 2746 129.87 127.35 2.62 2/9/95
EX-3 2872.18 2872.72 2744.69 127.49 : 125.60 1.89 2/13/35
EX-4 2871.29 2871.8 2742.85 128.34 125.07 3.27 2/9/95
EX-5 2863.29 2864.18 2737.76 125.53 120.31 5.22 3/30/95

ft mst = feet mean sea level

= Well not screened to the tap of the aquifer.
JP-4 = Jet propulsion fuel 4.
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APPENDIX D

DATA SHEETS FROM THE SHORT-TERM PILOT TEST




Baildown Test Record Sheet

Site: L eolomBus prFrg Ca.

Well Identification: mus - 32

Well Diameter (OD/ID): 4" To

Date at Start of Test: 7/:'/ /?&

Sampler’s Initials: 3¢

Time at Start of Test: /205

Initial Readings

Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed (L
/24. /o> 122.93 .67

Test Data
Sample Depth to - Depth to LNAPL
Collection Groundwater LNAPL Thickness
Time (ft) (ft) (ft)

/(205 /23.0 /122-93 O.O7)

[ 229 }23./5 /2Z-75 D4

/22/ /232 /122,75 .45
137¢ /23,73 [ Z22.74 .44

/9/3 /12315 122720 .45

Zo0o /23./5 722.47 ©-48

BAILDOWN.RS (G462201-1001 DISK)




Bioslurping Pilot Test
(Data Sheet 3B)
Fuel and Water Recovery Data Page ___ of

Site: /\ toasng WY S - YWO3 2 Test Type: S \bﬁ\\)'rg,b\
3

L
State Date and Time: 3 \X\- S 2 -\S aaw~  Operators: i.&m % Mu-—&ztx:—\-\

Run LNAPL Recovery Groundwater Recovery
Date/Time Time | (volume collected in time period) | (volume collected in time period)
A M A 2o o, <o ' ©
Sveem [T AEERA
GRIE Y O S LT AL A pwer
T awm (V1R A FL /4 awen

K30 [1E.D | Shakdown 4o avene T[S ongxoud 2" mw ~de
QoS oa (VY. Al oK
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W oo 20,3 AL | D mien
wWh3dE e % | Q.7 v | R awion
2 ASRAan | 20,5 T, S 3D i
VAL pee [22.9 AL R i
Bow 143 LR T e~
%30 @ |29 % Shodshowr~ - Lovocrsd Az oW OF

Yo (298 | agoReckes SR v
QL9 o | 25,5 AL] 2 oo
5% 2 B.2 L[ 7 b
S A4S 209 A (2.5 miln

S NS AW ‘5 SWLmﬁ\ (:3'3 C,L@w;&g._ ’t:-Q O . o OLL.:\P M»Q
SRR PAR ] IR G -
- Toew | 2u & 2 AL/ i
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l Bioslurping Pilot Test
(Data Sheet 3B)
| I Fuel and Water Recovery Data Page _Q_: of

~

Site£ (gmm YALD -B2Z Test Typw
\) ,

A)

State Date and Time: 3 -\\- AL 2° \ S Operators: éi:uub:./@ < \-\aeLu@w
Run LNAPL Recovery Groundwater Recovery
Date/Time | Time | (volume collected in time period) | (volume collected in time period)
l‘,sr\\gcua ia"“?""‘zjz o 'Z‘\Llw\,M
i q~_ \\\'w t’/Sl lq -:t' % 2— \—/ q~\ SN
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V3D s Alecikoy . LV SO [ CERE SRV T « (TR

\\Ab\,\r :

1
i
i
1
i
i
i
i
i
i




Bioslurping Pilot Test
(Data Sheet 3B)
Fuel and Water Recovery Data Page 1 of 1
Site: George AFB Test Type: Bioslurper

State Date and Time: 17 July 1996 - 3:11 pm

I Run LNAPL Recovery Groundwater Recovery
Date/Time Time | (volume collected in time period) | (volume collected in time period)
l 7/17/96 0 0 0
3:11 pm
l 4:10 pm 1 Shutdown for 1 hour - high water T
5:12 pm Restarted
l 5:20pm | 1.12h 5.2 gallons 0
9pm | 4.79h 0 3 L/min (all tap water)
7/18/96 7.79 h 1.5 gallons 8 L/2.35 min
' 12 am
7:23am | 152 h 0.7 gallons 8 L/2.37 min
l 6:25pm | 26.2 h 3.3 gallons 8 L/2.41 min
7/19/96 40.8 h 8.1 gallons 6 L/2.13 min
l 9 am
3pm | 46.8 2.4 gallons 6 L/2.12 min
I 7/20/96 Shutdown - out of fuel
8 am
' 10 am Restarted
10:08 am | 63.9 h 7.7 gallons - 6 L/2.07 min
' 5:16 pm | 71.1h 3.3 gallons 6 L/2.15 min
7/21/96 85.8h 3.4 gallons 6 L/2.52 min
. 8 am
1pm | 90.8h 1.2 gallons 6 L/2.43 min
l 4 gallons of fuel recovered when cleaning OWS and filter tank




APPENDIX E

LABORATORY ANALYTICAL REPORTS




(@ AIR TOXICS LTD.

R
AN ENVIRONMENTAL ANALYTICAL LABORATORY
WORK ORDER #: 9607217
Work Order Summary

CLIENT: Ms. Amanda Bush BILL TO: Same

Battelle Memorial Institute

505 King Avenue

Columbus, OH 43201-2693
PHONE: 614-424-4996 INVOICE # 11151
FAX: 614-424-3667 P.O. # 91221
DATE RECEIVED: 7/22/96 PROJECT # G462201-30D0301 George AFB
DATE COMPLETED: 7/30/96 AMOUNTS: $836.17

RECEIPT

FRACTION # NAME TEST ~ YAC./PRES. PRICE
01A Seal Tank - #1 TO-3 4.5 "Hg $120.00
02A Seal Tank - #2 TO-3 4.5 "Hg $120.00
03A Seal Tank - #3 TO-3 5.0"Hg $120.00
04A Seal Tank - #4 TO-3 5.5 "Hg $120.00
05A ICE-1 TO-3 7.0 "Hg $120.00
06A ICE-2 TO-3 7.0 "Hg $120.00
07A Lab Blank TO-3 NA NC
Misc. Charges 1 Liter Summa Canister Preparation (6) @ $15.00 each. $90.00

Shipping (7/3/96) $26.17

Laboratory Director

180 BLUE RAVINE ROAD, SUITE B + FOLSOM, CA 95630
(916) 985-1000 « FAX (916) 985-1020

Page 1

.

CERTIFIED BYW@./ Frrnecae DATE.__7, /é¢ / Z




L

AIR TOXICS LTD.

SAMPLE NAME: Seal Tank - #1
ID#: 9607217-01A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

L )ate of Analysis: 7/25/96
Det. Limit Det. Limit Amount Amount

Compound (ppmv) (uG/L) | {(ppmv) (uGIL)'
Benzene 24 77 1400 4500
Toluene 24 91 2200 8400
Ethyl Benzene 24 110 860 3800
Total Xylenes 24 110 2200 M 9700 M

TOTAL PETROLEUM HYDROCARBONS
GC/FID
(Quantitated as Jet Fuel)

Det. Limit Det. Limit
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
TPH* (C5+ Hydrocarbons) ‘ 240 1600 72000 - 470000
C2 - C4** Hydrocarbons _ 240 440 10000 " 18000

*TPH referenced to Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44) -

M = Reported value may be biased due to apparent matrix interferences.

Container Type: 1 Liter Summa Canister
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AIR TOXICS LTD.

SAMPLE NAME: Seal Tank - #2
ID#: 9607217-02A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

nalysis: 7/25/96

Det. Limit Det. Limit Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
Benzene 24 77 2000 6500
Toluene 24 91 3300 13000
Ethyl Benzene 24 110 1400 6200
Total Xylenes 24 110 3800 M 17000 M

TOTAL PETROLEUM HYDROCARBONS
GC/FID
(Quantitated as Jet Fuel)

File Name: . = :: 715/96
Dil. Factor: alysis: 7125006

Det. Limit Det. Limit Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
TPH* (C5+ Hydrocarbons) 240 1600 140000 910000

C2 - C4** Hydrocarbons . 240 440 10000 18000

*TPH referenced to Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

M = Reported value may be biased due to apparent matrix interferences.

Container Type: 1 Liter Summa Canister
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AIR TOXICS LTD.

SAMPLE NAME: Seal Tank - #3
ID#: 9607217-03A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

File Name:

Dil. Factor: is: 7/25/96 4
Det. Limit Det. Limit Amount Amount
Compound (ppmv) (uG/L) I (ppmv) (uG/L)
Benzene 120 390 3800 12000
Toluene 120 460 6000 M 23000 M
Ethyl Benzene 120 530 2200 9700
Total Xylenes 120 530 5000 M 22000 M

TOTAL PETROLEUM HYDROCARBONS
GC/FID
(Quantitated as Jet Fuel)

File Name:
Dil. Factor:

Det. Limit Det. Limit Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
TPH* (C5+ Hydrocarbons) ) 1200 7800 110000 710000
C2 - C4** Hydrocarbons 1200 2200 50000 91000

*TPH referenced to Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44) -

M = Reported value may be biased due to apparent matrix interferences.

Container Type: 1 Liter Summa Canister
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AIR TOXICS LTD.

SAMPLE NAME: Seal Tank - #4
ID#: 9607217-04A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

Det. Limit Det. Limit Amount
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
Benzene 120 390 5100 16000
Toluene 120 460 3500 13000
Ethyl Benzene 120 530 3000 13000
Total Xylenes 120 530 7200 M 32000 M

TOTAL PETROLEUM HYDROCARBONS
- GCIFID

(Quantitated as Jet Fuel) -

Det. Limit Det. Limit Amount Amount
Compound (ppmv) {uG/L) | (ppmv) ‘ (uG/L)
TPH* (C5+ Hydrocarbons) . 1200 7800 160000 1000000
C2 - C4** Hydrocarbons 1200 2200 72000 130000

*TPH referenced to Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

M = Reported value may be biased due to apparent matrix interferences.

Container Type: 1 Liter Summa Canister
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AIR TOXICS LTD.

SAMPLE NAME: ICE- 1
ID#: 9607217-05A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

File Name:

Det. Limit Det.Limit  Amount Amount
Compound (ppmv) (uG/L) |  (ppmv) (uG/L)
Benzene 1.3 4.3 5.8 19
Toluene 1.3 5.1 52 200
Ethyl Benzene 1.3 5.8 58 260
Total Xylenes ) 1.3 5.8 190 M 840 M

TOTAL PETROLEUM HYDROCARBONS
GC/FID
(Quantitated as Jet Fuel)

File Name

Det. Limit ~ Amount

Det. Limit
Compound (ppmv) (uG/L) | {(ppmv) (uG/L)
TPH* (C5+ Hydrocarbons) B 13 86 2600 17000
C2 - C4** Hydrocarbons ) 13 24 Not Detected Not Detected

*TPH referenced to Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

M = Reported value may be biased due to apparent matrix interferences.

Container Type: 1 Liter Summa Canister




AIR TOXICS LTD.

SAMPLE NAME: ICE -2
ID#: 9607217-06A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

File Name:
. /25096
Amount

Det. Limit Det. Limit Amounf '

Compound {(ppmv) (uG/L) | (ppmv) (uG/L)'
Benzene 0.013 0.043 0.11 0.36
Toluene 0.013 0.051 0.25 M 0.96 M
Ethyl Benzene 0.013 0.058 . 0.12 0.53
Total Xylenes 0.013 0.058 031 M 14 M

TOTAL PETROLEUM HYDROCARBONS
GC/FID
(Quantitated as Jet Fuel)

File Name:
Dil. Factor:

Det. Limit Det. Limit Amount
Compound (ppmv) (uG/L) | (ppmv) {uG/L)
TPH* (C5+ Hydrocarbons) . 0.13 0.86 13 84
C2 - C4** Hydrocarbons . 0.13 0.24 0.65 1.2

"TPH referenced to Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44) ~

M = Reported value may be biased due to apparent matrix interferences.

Container Type: 1 Liter Summa Canister

Page 7




AIR TOXICS LTD.

SAMPLE NAME: Lab Blank
ID#: 9607217-07A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

712519

ya ,ofA"ri'alysvl_ P
Amount

Det. Limit Det.Limit  Amount

Compound (ppmv) (uG/L) | (ppmv) (uGIL)‘

Benzene 0.001 0.003 Not Detected Not Detected
Toluene 0.001 0.004 Not Detected Not Detected
Ethyl Benzene 0.001 0.004 Not Detected Not Detected
Total Xylenes 0.001 0.004 Not Detected Not Detected

TOTAL PETROLEUM HYDROCARBONS
‘ GC/FID

(Quantitated as Jet Fuel)

Det. Limit - Det. Limit " Amount |

Compound (ppmv) (uG/L) I {(ppmv) (uG/L)
TPH* (C5+ Hydrocarbons) . 0.010 0.065 Not Detected Not Detected
C2 - C4** Hydrocarbons ) 0.010 0.018 Not Detected Not Detected

*TPH referenced to Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

Container Type: NA
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Alpha Analytical, Inc.

255 Glendale Avenue, Suite 21 2505 Chandler Avenue, Suite 1
Sparks, Nevada 89431 e-mail: alpha@powernet.nct Las Vegas, Nevada 89120
(702) 355-1044 http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-355-0406 FAX: 702-736-7523
1-800-283-1183 1-800-283-1183

ANALYTICAL REPORT

Battelle Job#: G462201-30D0301

505 King Ave Phone: (614) 424-6199
Columbus Ohio 43201 Attn: Jeff Kittel

Sampled: 07/19/96 Received: 07/22/96 Analyzed: 08/02/96
Matrix: [ ] Soil [ X ] Water [ ] Waste

Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable
Quantitated As Gasoline
BTEX - Benzene,Toluene,Ethylbenzene, Xylenes

Methodology: TPH - Modified 8015/DHS LUFT Manual/BLS-191
BTEX - Method 624/8240

Results:
Client ID/ Detection
Lab ID Parameter Concentration Limit
GW-1 TPH (Purgeable) 9.2 2.50 mg/L
/BMI072296-02 Benzene 560 5.0 ug/L
Toluene 1600 5.0 ug/L
Ethylbenzene 350 5.0 ug/L
Total Xylenes 2500 5.0 ug/L
GW-2 TPH (Purgeable) 8.4 2.50 mg/L
/BMI072296-03 Benzene 490 - 5.0 ug/L
Toluene 1400 5.0 ug/L
- Ethylbenzene 320 5.0 ug/L
Total Xylenes 2300 5.0 ug/L

ND - Not Detected

Approved by: /%7 JQ%/% f///

Roger L,”Scholl, Ph.D.
Laboratory Director

~




NOV @5 ’96 11:25 ALPHA ANALYTICAL P.1

< ™
Alpha Analytical, Inc.
255 Glendale Avenue, Suite 21 2505 Chandler Avenue, Suite 1
Sparks, Nevada 89431 e-mail: alpha@powernet.net Las Vegas, Nevadu §9120
(702) 355-1044 http//www.powemnt.net/~alpha . (702) 498-3312
FAX: 702.355-0406 FAX: 702-736-7523
1-800-283-1183 1-800-283-1183

ANALYTICAL REPORT

Battelle Job#: G462201-30D0301

505 King Ave Phone: (614) 424-6199

Columbus Ohio 43201 Attn: Al Pollack

Alpha Analytical Number: BMI072296-01 Client 1.D, Number: GF-1

Date Sampled: 07/19/96 Date Received: 07/22/96

Benzene- 8240 ND 193 07/31/96
Toluene 8240 3,800 193 07/31/96
Total Xylenes 8240 3,100 193 07/31/96
Ethylbenene 8240 22,000 193 07/31/96

1 <C08 GC/FID 17.53 NA 11/05/96
C9 GC/FID 17.18 NA 11/05/96
C10 GC/FID 19.32 : NA 11/05/96
Cl11 GC/FID 16.81 NA 11/05/96
Ci12 GC/FID 13.89 NA 11/05/96
C13 GC/FID 8.75 NA : 11/05/96
Cl4 GC/FID 4.32 NA 11/05/96
Cl15 GC/FID 141 NA 11/05/96
>Cl6 GC/FID 0.80 NA 11/05/96

Approved by: / f M Date: / / / 5 / %
Roger L. Kcholl, Ph.D. rr

K Laboratory Director J




Alpha Analytical, Inc.

255 Glendale Avenue, Suite 21
Sparks. Nevada 89431

(702) 355-1044

FAX: 702-355-0406
1-800-283-1183

2505 Chandler Avenue. Suite 1

e-mail: alpha@powernet.net Las Vegas. Nevada S9120
http/Awww.powernet.net/~alpha {7021 4958-3512
FAX: 702-736-75323

1-800-283-118x%

ANALYTICAL REPORT

Battelle Job#: G462201-30D0301
505 King Ave Phone: (614) 424-6199
Columbus Ohio 43201 Attn: Al Pollack

Alpha Analytical Number: BMI072296-01 Client I.D. Number: GF-1

Date Sampled: 07/19/96 Date Received: 07/22/96

07/31/96

Ethylbenene

Benzene 8240 ND 193

Toluene 8240 3,800 193 07/31/96

Total Xylenes 8240 3,100 193 - 07/31/96
8240 193 07/3 1/96

GC/FID

17.53

11/05/96

<Co08

C9 GC/FID 17.18 NA 11/05/96
C10 GC/FID 19.32 NA 11/05/96
Cl1 GC/FID 16.81 NA 11/05/96
C12 GC/FID 13.89 NA 11/05/96
C13 GC/FID 8.75 NA 11/05/96
Cl4 GC/FID 4.32 NA 11/05/96
CI15 GC/FID 1.41 NA 11/05/96
>Cl16 GC/FID 0.80 NA 11/05/96

Approved by:_/ W f W Date:_// / 5 / %

Roger L. {holl Ph.D.
K Laboratory Director




AUG @2 ’'96 B9:44 ALPHA ANALYTICAL

P.2

(702) 355-1044
FAX: /UZ-303-0400
1-800-283-1183

Alpha Analytical, Inc,
255 Glendale Avenue, Suite 21
Sparks, Nevada 89431

2505 Chundler Avcnue, Suite 1
Las Vegas, Nevada 89120
(70%) 498-3312

FAX: T02-736-7523
1-800-283-1183

e-mail: alpha@powernet.net
htep//www.powernet.net/~alpha

ANALYTICAT, REPORT

Battelle
505 King Ave
Columbus Ohio 43201

Job#: G462201-30D0301
Phone: (614) 424-6199
Attn: Jeff Kittel

Sampled: 07/19/96
[ X1 soil

Matrix:

Analysis Requested:

Received: 07/22/96 Analyzed: 07/31/96

[ ] Water [ 1 Waste

Total Petroleum Hydrocarbons-Purgeable
Quantitated As Gasoline
BTEX - Benzene, Toluene, Ethylbenzene, Xylenes

TPH -~

Modified 8015/DHS LUFT Manual/BLS-191

Methodology: TPH -
BTEX - Method 624/8240
Results:
Client ID/ Detection
Lab ID Parameter . Concentration Limit
GF-1 TPH (Purgeable) 780,000 97,000 wmg/Kg
/BMI072296-01  Benzene ND 193,000 ug/Kg
Toluene 3,800 193,000 ug/Kg
gthylbenzene 3,100 193,000 ug/Kg
Total Xylenes 22,000 193,000 ug/Kg
ki
N v
C T3
VAR A
ND - Not Detected Z 5T
EACEI
=
=
Approved by: Jyz/b ,f’éZY s Date:
Roger L« Scholl, Ph.D.
Laboratory Director




APPENDIX F

SOIL GAS PERMEABILITY TEST RESULTS




|

Record Sheet for Air Permeability Test

Site .GeorGE AFB - Monitoring Point 77¢J — 94
Blower Type /O HFP KoStuler Distance from Vent Well
Depth of Point §0 — /00 /30" Recorded by
Time (& MPFr pooMP2 [/D>MP3 Time MP1 MP2 MP3
-0— | 20 <0 .50
[mw | <0 <O .50
Zmm | <O <0 .95
SOy | <0 <0 /.25
2€mw | <O <o | /.50
STt run/ <0 < 2.00
29 Ymmd <O <O 2.00
she | wzo | 37 | .4, 3.00
/353 |- O -O 3.00

AIRPERM.RS (G462201-1001 DISK)

L
'
'
;
'
1
'
'
i
|
'
'
'
'
'
'
|
'
'
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Record Sheet for Air Permeability Test

Site G epRee AFR

Monitoring Point 1 (J - $5

Blower Type 10 HP ROSLURPER

Distance from Vent Well

Recorded by (/s

Depth of Point §O'— /00 — =30’

Time |S6MPE [/0MP2 |130MP3 Time MP1 MP2 MP3
h | < & o
/ v -0 -O ~O
2 arsir -0 -0 -<
EP e -C - O
g | -0 ~0 e
S| ~O - O
b
5
£
Lompm| = -C £ 20
O e -0 -0 .22
(omr| - -O e
/5&)‘20 | -0 o 4z
JOZo 3o 27 |.o
354 - O ) 0.08

AIRPERM.RS (G462201-1001 DISK)




Record Sheet for Air Permeability Test

Site feoRbe AFR

Monitoring Point muw)— 94

Blower Type /0 HP BiosLURPER

Distance from Vent Well

Depth of Point )~ 100"~ 130’

Recorded by 1 /401 L=

Time (30 MP1 [100MP2 |/50MP3 Time MP1 MP2 MP3
~/*7’60— - - o - O
f mon e} e ~O
2 M -0 O —S
3 | O - - <
4d pon| - . - O
5 o RN s e
&
Jomna | S — < ~
GO € - O -
GOm- | <O -0 o)
/ED?ZO i - O - - O
Jozz .28 1 50
/359 | O ~O e

-AIRPERM.RS (G462201-1001 DISK)




APPENDIX G

IN SITU RESPIRATION TEST RESULTS




(AS1A 1001-107299D) SY NLISNI
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